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Art.  I. — Spiral  Goniometry  in  its  Jielation  to  the  Measure- 

ment  of  Activity  /  by  Carl  Barus. 

1.  Preliminary.  —  Under  this  cumbersome  title*   I   shall 
refer  to  the  art  of  measuring  variable  angles  between  two 
coaxially  rotating  bodies  by  the  displacement  of  a  set  of  semi- 
circles terminating  in  the  same  diameter  in  one  body,  relative 
to  a  set  of  spirals  in  the  other ;  or  by  equivalent  systems  of 
spiral  and  straight  edge.     Problems  which  may  be  reduced  to 
a  measurement  of  the  angular  magnitude  in  question  are  of 
frequent  occurrence  in  practical  physics,  and  in  most  instances 
a  moderate  degree  of  accuracy  will  suffice  because  the  quantity 
to  be  measured  itself  fluctuates  within  certain  limits.     As  it  is 
SQch  cases  which  I  have  chiefly  in  mind,  I  will  tirst  give  an 
account  of  the  method  in  various  stages  of  development,  and 
then  proceed  with  the  more  obvious  applications  to  the  evalua- 
tion of  activity  and  speed. 

2.  Dial  ani  Index. — In  fig.  1,  AA^  isa,  circular  disc  (to  be 
called  the  dial  in  this  paper)  capable  of  revolving  around  an 
axis  passing  normally  through  its  center.  On  this  disc  a  series 
of  concentric,  equidistant  semicircles  are  inscribed,  in  such  a 
way  that  the  locus  of  their  ends  is  the  diameter  AA\  BB'  is 
a  plate  (to  be  called  the  index)  bounded  on  one  side  of  a  diam- 
eter by  the  semicircle  BDB\  of  the  same  radius  as  the  dial, 

*The  instrument  for  measurini;  piano  angles  is  the  circular  protractor ;  but  the 
word  '•protraction"  ia  not  available.  On  the  otlier  hand  the  word  goniometer 
^e  goniometry  has  been  made  to  refer  to  solid  angles  like  those  between  faces  of 
*  crjstaL  As  I  have  no  such  purpose  in  view  I  use  the  above  caption  with  mis- 
gi^ng  and  merely  to  express  an  operation  which  would  consistently  be  called 
''circular  protraction^'  m  rotating  bodies. 
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and  on  the  other  side  by  two  symmetric  confluent  spirals  BC 
and  B'C\  The  plate  BB'  when  in  position,  is  placed  imme- 
diately in  front  of  AjV  as  shown  by  the  dotted  lines  on  the 
dial,  and  is  capable  of  revolving  normally  around  the  same 
axis  C  independently  of  AA',  Since  the  curves  BC  and 
B'O  are  by  definition  such  that  equal  angular  increments  (in 
degrees  of  arc,  say)  correspond  to  equal  radial  increments  (in 
millimeters,  saj')  the  number  of  ends  of  the  semicircles  visible 
beyond  the  spiral  edge  of  BB'  is  numerically  identical  with 
the  angular  displacement  of  AA'  relative  to  BB\  reckoned 
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from  the  fiducial  position  (no  circles  visible)  given  in  the 
diagram,  fig.  1.  Now  if  the  system  AA\  BB'  revolves  as  a 
whole,  the  ends  of  the  semicircles  will  tend  to  appear  like  com- 
plete circles,  and  this  more  fully  in  proportion  as  the  speed  is 
greater.  It  is  therefore  merely  necessary  to  count  the  number 
of  visible  circles  from  the  circumference  inward,  in  order  to 
measure  the  angle  between  AA\  and  BB\  no  matter  whether 
the  rotation  he  right-handed  or  left-handed,  nor  what  its  speed 
may  be.  Two  spirals  BC  and  B'C  have  been  provided  in 
order  to  admit  of  changes  in  the  sign  of  rotation. 

The  maximum  angle  measurable  in  this  way  is  clearly  greater 
than  90°,  and  clearly  less  than  180°  in  this  simple  contrivance 
(cf.  §  4) ;  for  if  the  spirals  be  symmetrically  prolonged  in  the 
directions  C'B  and  &B\  and  if  the  partial  circles  instead  of 
terminating  in  a  semicircle  be  similarly  contained  in  a  sector, 
the  measurable  angle  will  increase  until  the  sector  vanishes. 

If  d(p  be  an  angular  increment  and  dr  the  corresponding 
radial  increment  of  the  spiral,  then 

droi  dq)^ 

and  therefore  the  method  is  equally  sensitive  at  all  parts  of  the 
angular  field,  though  perhaps  the  central  parts  are  more  fully 
controlled  by  the  eye.  The  error  in  reading  is  in  the  most 
unfavorable  case  equal  to  the  angular  value  of  the  distance 
between  two  consecutive  semicircles  on  the  dial,  increased  by 
the  angular  value  of  an  arc,  which  is  just  visible  on  rotation. 
The  latter  quantity  depends  on  the  sharpness  with  which  the 
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semicircles  stand  out  from  the  dial  (§  6).  It  is  therefore  expe- 
dient to  tax  the  eyes  in  the  smallest  degree  possible  by  using  a 
didl  hlack  index  and  also  a  dull  black  dial,  on  which  the  semi- 
circles are  inscribed  with  white  paiht.  I  have  availed  myself 
of  the  black  cardboard  much  used  by  photographers,  upon 
which  the  circular  lines  could  be  inscribed  with  a  ruling  pen* 
by  suitably  thinning  "  flake  white"  or  "Chemnitz  white"  with 
turpentine.  In  larger  practice  such  dials  could  be  printed  on 
card  board  from  a  copper  plate. 

To  guide  the  eye  it  is  of  course  necessary  to  accentuate  con- 
secutive 5°  and  10°  circles  in  the  usual  way.  Moreover  a 
lixed  narrow  radial  scale,  containing  the  running  numbers  of 
each  of  the  successive  intervals  of  10°,  and  placed  directly  in 
front  of  the  whirling  system  of  dial  and  index,  further  facili- 
tates the  reading.  Indeed  it  is  now  quite  as  clear  as  an  ordi- 
nary scale. 

8.  Instead  of  the  arrangement  given  in  figure  1,  it  is  obvi- 
ously admissible  to  allow  the  semicircles  of  the  dial  to  termi- 
nate in  spirals  while  the  counting  edge  of  the  index  is  a  diam- 
eter. If  carried  out  in  the  plan  of  figure  1,  however,  such  a 
goniometer  if  adapted  to  measure  positive  angles  would  not  at 
once  be  available  for  negative  angles  seeing  that  a  rotation  of 
the  index  180°  around  its  diameter  is  necessary  for  this  pur- 
pose. An  auxiliary  adjustment  of  this  kind  would,  as  a  rule, 
be  objectionable  in  practice;  and  therefore  the  design  A^ 
figure  2,  in  which  the  locus  of  the  edges  of  the  partial  circles 
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of  the  dials  are  symmetrically  intersecting  spirals,  is  preferable. 
The  index  in  this  case  is  the  blank  semicircle  BB'^  and  its 
initial  position  on  the  dial  is  shown  by  the  dotted  line  aa. 
(7^  is  a  small  circle  used  for  attachment. 

Remarks  similar  to  those  of  §  2  may  be  made  with  reference 
to  the  measurement  of  angles  greater  than  90°.  In  this  case 
the  counting  edges  of  the  index  BB'  are  to  be  made  the 
bounding  radii  of  a  sector  and  the  spiral  loci  of  A  are  to  be 

♦  The  convenience  of  a  ruling  pen  for  such  purposes  was  pointed  out  to  me  by 
Prof.  F.  H.  Bigelow. 
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prolonged  and  rotated  in  opposite  directions  until  their  initial 
radii  sabtend  the  same  angle  as  tlie  sector  of  the  index.  The 
limiting  case  is  again  reached  when  the  sector  vanishes.  The 
reading  is  here  made  from  the  center  outward.  If  however 
in  figure  1,  the  area  AEA'  had  been  tilled  with  concentric 
circles  and  the  area  AD' A'  left  blank,  the  readings  for  both 
positive  and  negative  angles  would  be  made  from  the  circum- 
lerence  inward.  It  is  in  the  direction  of  further  progress  to 
obtain  two  such  readings  simultaneously. 

4.  Hepeiitioii, — In  figure  3  the  spirals  terminating  the  ends 
of  the  partial  circles  on  the  dial  are^no  longer  symmetric,  but 
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are  so  circumstanced  that  one  spiral  may  be  brought  into  coin- 
dence  with  the  other  by  rotating  it  about  the  center  a  stated 
number  of  degrees.  In  sucli  a  case  if  the  reading  of  positive 
angles  be  from  without  inward,  the  reading  of  negative  angles 
will  be  from  the  center  outward.  It  is  clear  also  that  angles 
of  any  magnitude  may  be  read  by  proportionately  increasing 
the  size  of  the  dial.  The  same  result  may,  however,  be  reached 
within  a  reasonably  small  area  of  dial  by  methods  of  repeti- 
tion such  as  the  following ;  and  these  methods  are  particularly 
appropriate  for  the  present  purposes,  because  they  incidentally 
afford  the  means  for  reducing  the  error  of  reading  to  the 
smallest  possible  value.     §  6. 

In  figure  3  let  the  spirals  be  90°  apart,  and  let  each  admit  of 
a  direct  reading  (as  above  shown)  between  0°  and  180°.  Con- 
formably with  this  arrangement  let  the  index  BB'  be  a  full 
circle  with  a  right-angled  sector  B'C'D  cut  out  of  it.  The 
initial  position  of  the  sector  on  the  dial  is  indicated  by  the 
dotted  lines  A'dL  If  therefore  the  index  rotates  on  the  dial 
counterclockwise,  the  measurement  is  made  in  virtue  of  the 
spiral  Cha^  and  the  partial  circles  will  gradually  emerge  from 
behind  the  index  until  with  180°,  the  ends  of  all  are  visible. 
On   further  rotation  the  circles  beginning  with  the  innermost 


Hdation  to  the  Measurement  of  Activity,  5 

will  commence  to  recede  behind  the  second  limb  of  the  index, 
until  with  360^  the  last  has  disappeared,  and  the  initial  position 
of  dial  and  index  recurs.  The  procedure  is  therefore  capable 
of  indefinite  repetition,  all  the  readings  being  made  from  the 
center  outward. 

Similar  remarks  apply  for  clockwise  rotation  of  the  index  on 
the  dial,  except  that  the  reading  now  begins  at  the  circum- 
ference. 

6.  Eccentricity. — Retaining  the  same  dial,  if  an  index  of 
smaller  angular  opening  were  used,  there  would  often  be  two 
readings  simultaneously  in  view  in  different  parts  of  the  field, 
at  an  angular  distance  apart  equal  to  the  given  angle  of  the 
open  sector.  Thus  with  a  single  sector  of  60°  there  are  two 
readings  between  150®  and  180°  of  the  forward  radius  corre- 
sponding to  90°  to  120°  of  the  rearward  radius,  supposing  the 
index  to  be  twisted  counter-clockwise.  Repetition  is  necessarily 
interrupted  for  measurement  must  cease  at  33(»°  of  the  forward 
radius  of  the  sector.  The  latter  condition  could  easily  be  met 
by  choosing  a  larger  dial  so  that  the  spirals  would  sweep  over 
an  angle  greater  than  180°.  But  as  increased  size  is  not  a  de- 
sideratum, the  end  in  view  may  be  gained  more  satisfactorily 
by  cutting  two  diametrically  opposite  sectors  of  60°  each,  out 
of  the  index.  In  such  a  case  there  are  always  two  readings  in 
the  field. 

Leaving  the  ulterior  advantages  gained  by  this  method  to 
be  considered  in  the  next  paragraph,  I  will  here  point  out  that 
the  result  obtained  as  a  mean  of  the  two  simultaneous  readings 
in  question  is  essentially  more  nearly  correct.  For  let  the 
rotation  of  the  index  be  as  above  :  then  at  the  advance  radius 
of  the  sector,  the  reading  will  generally  fall  short  of  the  true 
angle,  seeing  that  the  ends  of  the  partial  circles  here  emerge 
from  behind  the  index ;  whereas  at  the  other  radius  of  the 
sector  the  reading  will  generally  be  in  excess  of  the  true  angle, 
for  here  the  partial  circles  recede  behind  the  index.  In  all 
cases  however  the  latter  reading  will  he  as  mttch  in  excess  of 
the  true  angle  as  the  former  falls  short  of  it^  and  therefore  the 
mean  value  will  be  free  from  systematic  error  (eccentricity  as 
it  may  be  called)  to  less  than  one-half  of  the  angular  value  of 
the  distance  between  two  consecutive  partial  circles — in  the 
most  unfavorable  case.  It  is  thus  that  two  readings  virtually 
double  the  efficient  size  of  the  dial  caet.  par.,  or  double  the 
number  of  concentric  circles. 

Furthermore,  if  by  reason  of  close  graduation,  or  of  indis- 
tinct demarcation,  or  the  like,  the  p^ojecting  ends  of  a  number 
of  consecutive  partial  circles  escape  detection  in  case  of  a  spin- 
ning dial,  it  is  clear  that  the  first  of  the  visible  circles  will  be 
symmetrically  located  on  each  side  of  the  true  angle.     Even  if 
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certain  of  the  circles  on  either  side  of  the  true  angle  are  too 
faint  to  be  visible,  therefore,  the  error  of  a  double  reading 
need  be  no  larger  than  has  been  pointed  out  above.  For 
instance  in  a  dial  in  which  consecutive  radial  millimeters  were 
each  marked  by  a  partial  circle  of  00°,  in  such  a  way  that  a 
millimeter  corresponded  to  a  degree  of  arc,  the  reading  was 
made  by  an  index  containing  open  sectors  of  80°.  The  follow- 
ing results  were  obtained  : 

First  reading,  a 17  21  37  47  68  68,  etc.,  millimeters. 

Second  reading,  a +  30** _  51  62  72  82  92  101.  etc.,  miUimeter& 

Difference 34  36  35  35  34  33.  etc.,  millimeters. 

i(2a  +  30)-15° 190°  29  0"  39-6''  49-5'  600'*  69-5",  etc. 

True  angle 20"  30°  40''  50°  60^  70° 


In  these  cases  the  attempt  was  made  to  increase  the  angle  in 
successive  steps  of  10°  each  by  special  adjustment,  as  shown 
in  the  last  line.  The  angle  found  as  the  mean  of  the  two 
readings  does  not  differ  from  the  true  angle  by  more  than  a 
degree,  part  of  which  is  referable  to  the  preliminary  adjust- 
ment as  well  as  to  actual  irregularities  of  graduation.  In  spite 
of  this  good  result  it  is  seen  that  the  differences  (third  row)  of 
corresponding  readings  (first  and  second  row)  is  in  excess  of 
the  angle  of  the  index  (30°)  by  3°  to  5^.  This  shows,  there- 
fore, that  when  the  system  is  spinning  around,  the  projecting 
ends  of  about  two  circles  on  each  side  of  the  circle  correspond- 
ing to  the  true  angle,  are  so  short  as  to  escape  detection. 

6.  Multiple  spirals. — Although  the  preceding  paragraph 
indicates  that  faintness  of  graduation  does  not  uecessarilv 
vitiate  the  method,  it  is  desirable  to  have  the  marks  come  oat 
as  early  as  ix)ssible.  This  end,  together  with  all  the  sugges- 
tions of  the  preceding  paragraph  may  be  promoted  at  once, 
and  even  in  a  relatively  sniaU  A\^\  as  follows:  A  smaller  angu- 
lar distance  between  the  paired  spirals  is  chosen  and  the 
advantages  of  continuous  double  reading  and  ot  repetition  are 
secured  by  employing  more  than  two  open  sectors  on  the  index. 
In  this  case  if  the  design  is  judiciously  constructed  as  many 
systems  of  paired  spirals  may  be  traced  out  on  the  dial  as 
there  are  open  sectors  on  the  index,  the  whole  representing  a 
set  of  equidistant  whorls.  If  therefore  when  both  dial  and 
index  are  spinnins:  around  together,  the  protruding  end  of  one 
of  the  partial  circles  which  just  escapes  detection  in  the  above 
designs  is  a,  visibility  has  now  been  increased  to  the  extent 
that  a/n  just  escapes  detection,  where  n  is  the  number  of 
sectors. 

A  good  arrangement  of  this  kind  is  shown  in  figure  4,  in 
which  the  dial  AA'  contains  three  sets  of  paired  spirals  sulv- 
tending  arcs  of  00°  each,  with  a  blank  space  of  <>0°  between 
consecutive  pairs.     The  index  is  shown  at  BB'  and  has  three 


Relation  to  the  Measurement  of  Actimty.  7 

equidistant  sectors  of  30^  eacb  cat  ont  of  it,  and  its  initial 
position  on  the  dial  AA^  is  indicated  by  dotted  lines.  All  the 
spirals  are  produced  until  120°  of  arc  are  swept  over,  and  if  a 
radial  milhmeter  is  to   correspond  to  a  degree,  the  effective 
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radius  of  the  dial  will  be  120  millimeters  added  to  the  radius 
of  the  small  internal  circle  of  attachment,  C.  For  practical 
reasons  the  diameter  may  be  made  somewhat  larger  than  this 
in  order  that  the  removed  sectors  may  appear  as  windows  in 
the  index  plate. 

Obviously  all  the  sectors  move  over  corresponding  spirals  in 
like  manner,  and  hence  the  visibility  of  the  protruding  end  of 
any  partial  circle  is  not  only  increased  threefold  but  errors  in 
drawing  are  reduced  in  value,  no  matter  how  fast  the  system 
may  spin  around  its  center.  Again  there  are  always  two  read- 
ings in  view,  one  for  the  emergence  of  the  front  edge  of  the 
spiral  band  and  the  other  for  the  recession  of  the  rear  edge. 
These  angles  (a)  are  30°  apart  and  from  their  mean  value 
^'a-f  (a4-30))— 15,  the  eccentric  error  mentioned  is  the  preced- 
ing paragraph  has  been  eliminated.  Other  systems  are  easily 
devised. 

7.  Jifeaaureraent  of  activity, — The  present  method  of  goni- 
ometry  is  peculiarly  applicable  to  problems  in  which  the 
quantity  to  be  measured  fluctuates  about  a  mean  value  to  a 
degree  greater  than  the  error  of  reading  discussed  above.  Such 
is  nsnally  the  case  with  the  rate  at  which  a  motor  works.  In 
approaching  this  problem  from  the  mechanical  side,  physicists 
have  usually  preferred  to  iind  the  angular  speed  at  which  a 
measurable  twnst  on  the  shaft  is  maintained,  chiefly  perhaps 
because  the  method  is  capable  of  great  refinement,  as  for  in- 
stance in  Rowland's*  researches  on  the  mechanical  equivalent 
of  heat. 

♦Rowland:  Proc.  Am.  Acad.,  xv,  p.  157,  1880. 
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Thie  is  the  method  to  which  the  above  simple  desiens  are 
tributary,  and  tho  diaerem  of  an  apparatus  for  measDnngthe 
work  put  out  by  a  shaft  in  a  given  time  ie  given  tn  figure  5, 
in  longitudinal  section. 

Let  ah  be  a  long  rod  whose  torsion  coefficient  ie  of  known 
suitable  magnitude,  and  snppoBe  the  end  a  to  be  pat  in  con- 
nection with  the  shaft  of  the  motor  and  the  end  h  with  i 
tachometer  or  revolntion  counter,  and  let  cc  be  the  joumalB  in 
which  this  rod  revolves.  The  jod  is  concentrically  snrrounded 
throughout  the  greater  part  of  its  length  by  the  stiff  tubcA*, 
one  end  of  which  may  be  rigidlv  joined  to  the  rod  near  a  bj 
a  set  screw.  The  other  end  of  the  tube  with  the  attached  dial 
dd  18  capable  of  revolvine  around  the  rod  in  virtue  of  a 
journal,  unless  resisted  by  tlie  set  screw  in  qnestion.  Suppos- 
ing the  latter  fixed  and  the  shaft  revolving,  twist  may  be  im- 
parted to  the  rod  by  means  of  the  friction  pulley  j>,  and  its 
amount  measured  by  the  index  nn  tixed  to  the  rod  immediately 
in  front  of  the  dial  dd,  in  the  manner  shown  in  the  above 
paragraphs.  S  is  the  stationary  scale  with  numerals  to  facilitate 
the  reading,  and  it  is  attached  to  the  base  B  together  with  the 
journals  c,  c.  When  no  friction  is  applied  a.tp  the  rod  oi  and 
tube  ee  spin  around  together  in  such  a  way  that  no  angular 
deviation  between  index  nn  and  dial  dd  is  registered.  When 
a  suitable  frictioti&l  resistance  is  applied,  the  index  will  be  dis- 
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placed  in  angle  relative  to  the  dial,  bv  an  amount  proportional 
to  the  frictional  resistance.  The  etficieiit  part  of  the  torsion 
rod  is  clearly  the  !e:igth  within  the  tube,  and  if  by  a  prelimi- 
nary calibration  the  intensity  of  the  torsion  couple  per  degree 
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of  displacement  of  index  and  dial  is  known,  the  moment  of 
torsion  for  any  observed  displacement  is  given  at  once.  This 
qnantity  mnltiplied  by  the  angular  speed  is  the  activity  sought. 
Thns  if  the  number  of  revolutions  is  n  per  minute,  the  angu- 
lar speed  will  be  a;  =  2;rn/60  ;  and  if  the  moment  of  torsion 
m  be  expressed  in  kilogram-meters 

cam  I  75 

is  the  activity  required  in  horse  powers. 

The  calibration  may  be  made  once  for  all  by  twisting  the 
rod  (lb  in  place  by  a  known  couple,  and  noting  the  correspond- 
ing deflection  on  the  dial.  Radial  holes  may  be  left  in  the 
pulley  p  for  this  purpose,  in  which  spokes  of  known  length 
are  inserted.  From  the  hookshaped  ends  of  these,  given 
weights  are  suspended  so  that  if  m'  be  the  moment  of  the 
couple  per  degree  of  deflection  at  the  dial  and  d  any  observed 
deflection,  m,^  m!  d.  To  tix  the  ideas  suppose  a  steel  rod 
Q.^cm  j^  diameter  and  50^™  in  efficient  length  were  chosen  : 
then  one  degree  of  deflection  at  1000  revolutions  per  minute 
would  correspond  to  about  '01  horse  power. 

8.  Tachometer. — The  construction  of  the  speed  indicator  is 
easily  inferred  from  the  preceding  paragraph.  As  shown  by 
the  diagram  figure  6,  ah  is  a  short  rod  capable  of  revolving  in 
a  journal  fixed  to  the  bed  plate  B.  The  end  a  is  suitably  at- 
tached to  the  shaft.  Near  its  middle  parts  the  rod  is  doubly 
shouldered  and  surrounded  by  a  cylindrical  box  or  drum  cc^ 
which  would  be  free  to  revolve  around  the  rod  but  for  a  watch 
spring  rr^  one  end  of  which  is  fastened  to  the  rod  ah  and  the 
other  to  the  circumference  of  the  drum  cc.  In  this  case  the 
dial  dd  is  attached  to  the  front  face  of  the  drum,  the  index 
nil  to  the  end  h  of  the  rod,  and  a  scale  S  facilitates  the  read- 
ing as  before.  The  outside  of  the  box  cc  carries  two  vanes  or 
propeller  blades  jpp  by  which  the  rotation  of  the  box  is  resisted. 
Suppose  these  removed  or  placed  in  the  plane  of  rotation,  no 
deviation  would  be  indicated  between  the  index  and  the  dial 
however  fast  the  system  rotates.  If  however  they  are  fixed  in 
place  (as  in  the  figure),  the  angular  deviation  registered  by  the 
system  of  dial  and  index  will  in  a  general  way  be  proportional 
to  the  square  of  the  speed. 

The  instrument  is  capable  of  considerable  adjustment  so 
that  it  would  appear  to  be  adapted  for  measuring  large  ranges 
of  speed.  Thus  one  might  alter  the  obliquity  oi  the  propelTer 
blades,  pp,  relative  to  the  plane  of  rotation,  or  by  a  suitable 
adjustment  successively  tighten  or  twist  the  watch  spring  rr. 
Consecutive  notches  woula  then  correspond  to  given  intervals 
of  speed.  The  definite  graduation  would  have  to  be  made 
empirically,  though  it  is  seen  that  a  subquadratic  spiral  is  more 
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in  keeping  with  the  purposes  of  this  apparatus  than  the  simple 
spiral  discussed  above. 

9.  Sufumaty, — For  the  measurement  of  activity  by  the 
above  simple  methods  oue  would  therefore  couple  the  instru- 
ment's ligures  5  and  6  in  series  to  the  same  shaft  and  read  both 
dials.  It  is  conceivable  however  that  the  propeller  blades  j^p 
of  figure  6  may  replace  the  friction  pulley  p  of  figure  5,  par- 
ticularly if  provision  is  made  for  rotating  the  propeller  in  a 
liquid  instead  of  in  air.  Suppose  therefoi*e  that  the  dial  and 
index  of  figure  6  has  been  standardized  both  with  reference  to 
the  twist  corresponding  to  one  in  degree  of  deflection  and  to 
the  speed  corresponding  to  the  deflections.  Then  in  an  instru- 
ment of  the  type  of  figure  6,  a  single  reading  would  at  once 
give  the  activity  of  the  motor.  This  is  the  final  outcome  of 
the  method  sketched  in  the  above  paragraphs. 

WashiDgton,  D.  C,  May,  1894. 


Art.  II. — On  the  occurrence  of  a  large  area  of  Nepheline 
Syenite  in  the  Township  (xf  Dungannon^  Ontario ;  by 
Frank  D.  Adams. 

While  engaged  during  the  past  summer  in  making  a  geo- 
logical reconnaissance  of  a  portion  of  Eastern  Ontario  previ- 
ous to  a  detailed  mapping  of  the  district  for  the  Geological 
Survey  of  Canada,  a  large  area  of  nepheline  syenite  was  un- 
expectedly discovered. 

The  district  in  question  lies  between  Lake  Ontario  and  the 
Ottawa  River,  near  the  southern  edge  of  the  Archean  protaxis, 
in  the  counties  of  Victoria,  Peterborough  and  Hastings,  in  the 
province  of  Ontario,  and  comprises  3500  square  miles,  being 
sheet  number  118  of  the  series  of  geological  maps  of  Quebec 
and  Ontario  now  in  course  of  preparation  by  the  Geological 
Survey  of  Canada.  This  tract  of  country  which  up  to  the 
present  time  has  been,  geologically  speaking,  a  terra  incognita 
was  found  to  be  occupied  almost  exclusively  by  rocks  of  the 
Laurentian  system.  The  Grenville  series  with  numerous 
heavy  bands  of  crystalline  limestone  is  extensively  developed 
in  the  southern  portion  of  the  district,  while  to  the  north 
great  tracts  are  underlain  bv  what  is  believed  to  be  the  funda- 
mental  gneiss.  In  the  extreme  southeast  corner  of  the  district 
certain  rocks  occur  which  have  been  referred  by  Mr.  Yennor 
to  the  Hastings  Series. 

The  stratigraphical  relations  of  these  several  series  in  this 
district  have  not  as  yet  been  determined,  but  will  it  is  hoped, 
be  worked  out  as  the  detailed  mapping  is  proceeded  with.* 

*  See  '•  Prelimiuarv  Report  on  the  Geology  of  a  portion  of  Central  Ontario." 
Ann.  Rep.  of  the  Geological  Survey  of  Canada.  1S9 1-92-93.     Part  J. 
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It  18  in  the  soatheastern  portion  of  this  district  in  the  town- 
ships of  Dungannon  and  Faraday,  in  the  county  of  Hastings 
that  the  nepheline  syenite  was  discovered. 

The  mass  is  crossed  by  the  well  known  Hastings  Koad,  near 
the  village  of  Bancroft,  and  is — roughly  speaiing  —  about 
eighty-five  miles  in  a  straight  line  northwest  of  Kingston, 
Ontario. 

The  area  is  a  lai^e  one  but  its  exact  limits  have  not  as  yet 
been  determined.  It  has  however  been  traced  in  an  easterly 
direction  from  a  point  in  the  township  of  Fai*aday,  some  dis- 
tance west  of  Bancroft,  to  the  York  River  on  lots  12  and  13 
or  range  XI  of  the  township  of  Dungannon,  a  distance  in  a 
straight  line  of  over  seven  miles.  It  also  has  a  very  considera- 
ble width. 

As  occurrences  of  nepheline  syenite  are  rare,  and  this  is  the 
first  one  which  has  been  found  in  the  Laurentian  system  of 
Canada,  and  as,  moreover,  the  rock  presents  a  number  of  strik- 
ing petrographical  peculiarities,  it  has  been  thought  that  a 
preh'minary  notice  of  it  at  this  time  would  be  of  interest. 

Mode  oj  occurre7we  and  macrosccmical  character.  —  The 
mass  occurs  in  the  Laurentian  and  is  flanked  on  the  south, 
along  a  considerable  part  of  its  course  by  crystalline  limestone. 
It  is  in  many  places  intimately  associated  with  a  fine  grained 
reddish  biotitc  granite  resemblinfi:  aplite  in  appearance  and 
which  is  apparently  intrusive.  Tlie  nepheline  syenite  is  fre- 
quently massive  in  character,  but  usually  possesses  a  somewhat 
streaked  appearance,  in  places  developing  into  a  distinct  folia- 
tion or  gneissic  structure,  coinciding  with  that  of  the  associated 
rocks.  On  the  weathered  surface  little  cavities  are  occasionally 
observed  which  are  probably  miaroHtic  druses.  It  is  usually 
rather  coai-se  grained,  but  in  places  becomes  very  coarse,  as  at 
the  York  River  above  mentioned,  where  nepheline  individuals 
two  and  a  half  feet  across  were  observed,  with  feldspar  and 
mica  crystals  of  corresponding  size,  while  individuals  one  foot 
in  diameter  are  numerous.  On  the  weathered  surface  the 
nepheline  and  plagioclase  which  compose  the  great  bulk  of  the 
rock  can  be  readily  distinguished,  the  former  apparently  dis- 
solving away  under  the  influence  of  the  weather  and  present- 
ing smoothly  rounded  surfaces  of  a  gray  color,  like  those  so 
frequently  seen  in  coarsely  crystalline  limestone.  From  these 
surfaces  the  plagioclase  stands  out  in  white  chalk  like  grains 
or  masses,  while  the  other  essential  constituents  of  the  rock 
are  also  readily  recognized. 

Microscopical  character. — Under  the  microscope  the  essen- 
tial constituents  of  the  rock  are  seen  to  be  nepheline  and 
Elagioclase,  together  with  either  a  brown  mica  or  a  dark  green 
ornblende.     As  accessory  constituents,  seldom  absent  and  in 
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some  cases  present  in  lar^e  amount,  are  scapolite  and  calcite, 
and  as  less  important  and  less  abundant  accessory  constitnents 
are  garnet,  zircon,  sodalite,  magnetite,  pjrite  and  apatite. 
Tliese  latter,  with  the  exception  of  garnet,  always  occur  in 
very  subordinate  amount.  1  wo  or  three  other  minerals  occnr 
in  small  amount  in  individual  slides,  or  can  be  seen  on  the 
weathered  surface  of  certain  specimens,  as  these  however  could 
not  be  determined  with  certainty,  without  prolonged  investiga- 
tion their  true  nature  is  as  yet  doubtful 

The  rock  is  usually  very  fresh  and  has  a  true  hypidiomorpbic 
granular  structure.  Evidences  of  pressure  are  in  most  cases 
entirely  wanting.  In  a  few  slides  however  slight  strain 
shadows  and  bending  of  twin  lines  are  to  be  observed,  and  in 
one  specimen  distinct  cataclastic  structure  was  seen. 

Nepheline. — This  is  by  far  the  most  abundant  of  all  the 
constituents  of  the  rock.  It  always  forms  the  greater  part  of 
the  rock  and  in  many  places,  over  considerable  areas,  the  rock 
is  composed  of  this  mineral  associated  with  a  little  mica  or 
hornblende.  The  mineral  is  clear  and  colorless  and  is  usually 
free  from  inclusions.  It  has  a  low  double  refraction  and  paral- 
lel extinction.  On  basal  sections  it  is  seen  to  be  uniaxial  and 
negative.  It  is  easily  etched  by  hydrochloric  acid  in  the  thin 
sections  and  can  then  be  stained  with  fuchsine.  In  a  few 
cases  it  was  observed  to  be  altered  to  muscovite.  In  hand 
specimens  the  mineral  is  seen  to  possess  a  luster  which  is 
vitreous  rather  than  oily,  so  that  it  has  been  referred  to  as 
nepheline  rather  than  as  eleolite.  An  analysis  of  it  is  given 
by  Dr.  B.  J.  Harrington  in  the  accompanying  paper. 

Plagioclase, — The  rock  contains  no  primary  orthoclase,  but 
feldspar  though  seldom  very  abundant  is  in  most  cases  present, 
often  in  considerable  amount.  It  is  twinned  poly  synthetically, 
the  bands  being  usually  narrow  and  often  indistinct.  When 
cut  at  right  angles  to  an  optic  axis  it  is  seen  to  be  biaxial.  Its 
specific  gravity,  determined  on  two  fragments  taken  from  the 
very  coarse  grained  variety  of  the  rock  at  the  York  River,  is 
2*6207  and  2*625,  while  in  a  separation  of  the  constituents  of 
a  specimen  of  the  rock  from  lot  25  of  range  XIV  of  Dun- 
gannon,  it  was  found  to  have  a  specific  gravity  of  not  over 
2*623.  The  extinction  on  either  sidje  of  the  twinning  line, 
measured  on  a  cleavage  fragment  from  the  York  River  was 
2^°.  These  facts  prove  it  to  be  an  albite,  with  probably  a 
very  small  percentage  of  lime. 

Mica. — This  constitutes  the  iron-magnesia  constituent  of  the 
rock  in  three  out  of  the  five  localities  from  which  specimens 
were  examined.  In  these  cases  it  occurs  alone,  while  in  the 
other  localities  where  hornblende  is  present  the  mica  is  absent. 
It  is  nearly  black  when  seen  in  the  hand  specimens  and  in  the 
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sections  shows  a  very  strong  pleochroism,  from  pale  yellow  to 
a  very  deep  brown.  In  basal  sections  it  is  seen  to  be  distinctly 
biaxial  bnt  the  axial  angle  is  very  small.  It  is  usually  quite 
subordinate  in  amount. 

Hornblende. — Like  the  mica  this  constituent  is  usually 
present  in  comparatively  small  amount.  It  Is  always  green  in 
color  and  frequently  presents  more  or  less  perfect  crystalline 
outlines,  with  faces  of  the  prism,  clinopinacoid  and  domes. 
The  prismatic  cleavages  at  angles  of  about  124°  are  well  seen. 
Two  varieties  have  been  observed.  One  of  these  from  near 
the  York  River  has  a  large  axial  angle  and  shows  a  pleochroism 
in  tints  varying  Irom  deep  green  to  pale  yellow,  the  absorption 
being  c>b>Q.  Before  the  blowpipe  it  fuses  with  intumes- 
cence to  a  black  glass,  giving  at  the  same  time  a  strong  soda 
flame.  This  variety  probably  contains  a  considerable  quantity 
of  soda,  but  approaciies  common  hornblende  in  composition. 
The  second  variety,  which  occurs  in  an  exposure  about  two 
miles  east  of  the  village  of  Bancroft,  has  a  much  stronger 
pleochroism  in  tints  varying  from  very  deep  bluish-green  to  a 
yellowish-green  and  has  a  small  axial  angle  and  a  high  extinc- 
tion. Hornblende  is  not  common  in  nepheline  syenite  and 
the  onlv  occurrence  in  which  I  have  seen  this  particular  vari- 
ety is  that  which  forms  part  of  the  Montreal  mountain.  Here 
what  appears  to  be  exactly  the  same  hornblende  occurs  inter- 
grown  with  augite.  It  has  a  very  high  specilic  gravity  and  is 
probably  rich  in  soda  and  allied  to  arfvedsonite.  A  chemical 
examination  of  this  hornblende  will  be  made  by  Dr.  Har- 
rington. 

Scapolite, — This  mineral  is  present  in  about  one-half  of  the 
slides  and  occurs  in  large  clear  colorless  grains.  It  has  the 
appearance  of  an  original  constituent.  Basal  sections  present 
the  usual  double  set  of  cleavages  crossing  at  right  angles  while 
sections  in  the  prismatic  zone  show  a  single  set  of  cleavages 
with  extinction  parallel  to  them.  In  convergent  light  it  is 
seen  to  be  uniaxial  and  negative.  The  double  refraction  is 
much  stronger  than  in  the  case  of  nepheline,  the  interference 
colors  being  tints  of  red,  blue  and  yellow.  The  two  minerals 
are  therefore  easily  distinguished.  As  the  occurrence  of 
scapolite  in  such  a  rock  is  very  unusual  and  in  order  to 
make  sure  that  the  mineral  was  not  cancrinite,  a  thin  section 
was  treated  with  concentrated  hydrochloric  acid  at  iirst  in  the 
cold  and  subsequently  with  hot  acid.  The  nepheline  was 
strongly  attacked  and  when  the  slide  was  subsequently  treated 
with  fuchsine  became  deeply  colored.  The  scapolite  however 
remained  quite  unaffected,  even  after  the  acid  had  been  actu- 
ally boiled  upon  the  section.  In  another  section  also  in  which, 
under  the  action  of  the  weather,  the  nepheline  was  quite  de- 
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composed  the  scapolite  was  found  to  be  still  quite  fresh.  The 
uniaxial  and  negative  character  of  the  mineral  together  with 
the  position  of  the  cleavages,  the  strong  double  refraction,  the 
parallel  extinction  and  the  deportment  with  acid,  proves  that 
the  mineral  is  really  scapolite. 

Calcite. — The  •presence  of  this  mineral  in  such  a  rock,  as 
well  as  its  mode  of  occurrence  is  very  remarkable.  The  rock 
is  quite  fresh  so  that  the  calcite  is  not  an  ordinary  decomposi- 
tion product.  Its  mode  of  occurrence  is  that  of  an  original 
constituent.  It  is  found  in  well  defined,  more  or  less  rounded, 
individuals,  often  of  large  size,  occurring  with,  and  often  in, 
the  other  constituents  of  the  rock.  It  has  been  observed  com- 
pletely enclosed  by  hornblende,  nepheline,  plagioclase,  and 
garnet,  the  boundaries  of.  the  several  minerals  being  quite 
sharp  and  the  enclosing  mineral  being  quite  unaltered  and 
normal  in  character.  It  shows  the  usual  rhombohedral  cleav- 
ages, is  frequently  twinned  and  sometimes  has  a  fairly  good 
crystalline  form.  It  occurs  in  almost  every  slide,  though 
usually  in  comparatively  small  amount.  Individuals  of  con- 
siderable size  are  found  in  the  very  coarse  grained  variety  of 
the  rock  at  the  York  River.  The  origin  of  this  calcite  is  a 
point  which  it  is  difficult  to  determine,  although  somewhat 
similar  occurrences  have  been  described  in  various  other  igne- 
ous rocks.*  It  cannot  be  a  decomposition  product  in  the  ordi- 
nary sense  of  the  term.  Its  mode  of  occurrence  does  not 
seem  to  indicate  that  it  fills  miarolitic  cavities  as  Rosenbusch 
has  supposed  similar  occurrences  in  certain  granites  to  do. 
Had  it  been  derived  from  the  neighboring  limestones  some 
evidence  of  corrosion  or  alteration  might  be  expected  from 
the  action  of  the  very  acid  magma.  Further  study  in  the 
field  may  throw  additional  light  on  the  question. 

Garnet, — This  is  of  a  pale  brownish  or  reddish-brown  color 
and  is  always  quite  isotropic.  It  occasionally  has  a  good  crys- 
talline form  but  usually  occurs  in  more  or  less  irregular  shaped 
grains.  It  is  present  in  most  slides  l>ut  seldom  in  large  quan- 
tity. 

Zircon. — Occurs  in  many  slides  and  occasionally  in  the 
coarser  variety  of  the  rock  in  crystals  of  considerable  size. 

Sodalite, — At  a  number  of  places  sodalite  was  observed  in 
small  grains  or  strings,  scattered  through  the  rock  and  it 
appears  in  one  or  two  of  the  slides. 

In  certain  parts  of  the  area  however  it  occurs  in  large  masses. 

♦A.  E.  Tornebohm,  "  Om  kalcithalt  i  graniter.''  Geol.  Foren.  i  Stockholm 
Forh.,  1882,  UO.  G.  W.  Hawes,  "  Mineralogy  aud  Lithology  of  New  Hamp- 
shire," p.  207.  See,  also.  F.  D.  Adams.  "On  some  Granites  from  British  Columbia 
and  the  adjacent  parts  of  Ala.ska  aud  the  Yukon  District."  Canadian  Record  of 
Science,  Sept,  1891. 
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jrood  specimens  have  been  obtained  from  lot  29  of  range  xiii 
ind  elsewhere,  but  on  lot  25  of  range  xiv  of  Dungannon  it 
ivas  found  quite  abundantly  in  what  appeared  to  be  veins  and 
rregular  shaped  lumps.  From  some  of  these,  masses  of  pure 
iodalite  10  by  10  by  4  inches  in  size  were  obtained,  while  con- 
siderably, larger  masses  could  probably  be  secured  by  blasting, 
[t  is  probable  that  no  other  locality  hitherto  discovered  in 
A^merica  affords  such  large  masses  of  this  mineral,  with  the 
possible  exception  of  the  nepheline  syenite  of  the  Ice  River 
m  British  Columbia.  The  sodalite  is  bright  blue  in  color  and 
is  often  associated  with  strings  of  iron  ore  and  traversed  by 
little  reticulating  cracks  fiUecl  with  a  reddish  mineral  which 
presents  every  appearance  of  a  secondary  origin  and  which 
Dr.  Harrington  finds  to  be  orthoclase  feldspar.  It  is  believed 
that  the  sodalite  may  occur  in  sufficiently  large  masses  to 
enable  it  to  be  profitably  extracted  and  employed  for  orna- 
mental purposes. 

Summary, — The  following  points  in  connection  with  the 
composition  of  this  nepheline  syenite  from  Dungannon  seem 
to  be  especially  worthy  of  notice.  Nepheline  is  always  very 
abundant  and  in  many  large  exposures  the  rock  is  an  almost 
pure  nepheline  rock,  consisting  oi  nepheline  with  a  little  horn- 
blende or  mica.  This  variety  of  the  rock  is  really  an  Ijolite* 
rather  than  a  nepheline  syenite.  No  orthoclase  has  been  dis- 
covered in  the  rock,  although  twenty-five  thin  sections  have 
been  studied  and  some  of  them  etched  and  stained.  The  con- 
stituents  of  two  specimens  were  also  separated  out  by  means 
of  Thonlet's  solution.  Its  place  is  taken  by  an  acid  plagio- 
clase,  which  in  those  cases  where  it  has  been  examined  nas 
proved  to  be  albite. 

If  the  distinctive  character  of  the  variety  of  nepheline 
syenite  named  Litchfieldite  by  Bavley,t  be  the  replacement  of 
the  orthoclase  by  albite,  this  rock  is  a  more  typical  Litchfieldite 
than  that  from  the  original  locality;  The  propriety  of  defin- 
ing nepheline  syenite  as  a  rock  composed  essentially  of  nephe- 
line and  an  alkali  feldspar  instead  of  one  composed  of  nephe- 
line and  orthoclase  is  also  rendered  evident,  as  otherwise  it 
would  be  necessary  to  classify  this  rock  as  a  theralite  from 
typical  specimens  of  which  it  would  differ  greatly  in  composi- 
tion. Like  the  Litchfield  rock  also  this  Dungannon  rock  con- 
tains neither  augite  nor  sphene,  but  unlike  it  often  holds 
scapolite  and  calcite. 

^ome  years  ago  Prof.  A.  P.  Coleman  when  investigating  the 
petrographical  character  of  the  bowlders  of  the  drift  in  the 

*  W.  Ramsay  and  H.  Berghell,  "  Das  Gestein  vom  liwaara  in  FioDland."  Geol. 
Fdren.  i  Stockholm  Forh.,  1891,  304. 

f  W.  S.  Bayley,  "  Eleolite-Syenite  of  Litchfield,  Maine,  etc.  Bull,  of  the  Geol. 
Soa  of  America,  1892,  231. 
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vicinity  of  Cobour^  on  the  north  shore  of  Lake  Ontario, 
found  among  these  Bowlders  a  number  composed  of  nepheline 
syenite.  The  rock  composing  these  bowlaers  strongly  resem- 
bles in  many  ways  that  described  in  the  present  paper.  Ortho- 
clase  and  microcline  although  present  are  exceeded  in  amount 
by  the  plagioclase.  Eleolite  or  nepheline  usually  forms  from 
one-quarter  to  one-half  of  the  rock,  while  the  rock  is  some- 
times a  nearly  pure  eleolite.  '^  Biotite  and  hornblende  much 
outweigh  all  the  varieties  of  augite."  Calcite  grains  were 
found  in  about  one-third  of  the  slides,  sometimes  ^4n  the 
midst  of  the  eleolite  where  their  existence  is  hard  to  account 
for.  What  appears  to  be  a  scapolite  occupies  a  similar  position 
in  four  specimens  "  and  a  flesh  red  garnet  also  occurs  in  a  few 
places.* 

Cobourg  lies  a  little  to  the  west  of  south  from  the  townships 
of  Dungannon  and  Faraday,  and  it  is  highly  probable,  in  view 
of  the  marked  resemblances  between  these  bowlders  described 
by  Prof.  Coleman  and  the  nepheline  syenite  occurring  in  these 
townships  that  the  bowlders  have  been  derived  from  this 
vicinity.  The  presence  of  orthoclase  and  microcline  in  many 
of  the  bowlders  would  indicate  that  all  of  them  at  least  had 
not  been  derived  from  the  actual  area  described  in  the  present 
paper,  but  there  is  every  reason  to  believe,  from  the  reported 
occurrence  of  sodalite  at  other  points  in  this  district,  that 
other  areas  of  similar  nepheline  syenite  exist  here,  and  some 
of  these  have  probably  furnished  tne  bowlders  in  question. 

Petrographical  Laboratorj,  McGill  College,  Montreal. 


Art.  III. —  On  Nepheline^  Sodalite  and  Orthoclase  from 
the  Nepheline  Syenite  of  Dunaannon^  Hastings  County^ 
Ontario;  by  B.  J.  Harrington. 


In  a  recent  report  published  by  the  Geological  Survey  of 
Canada  and  also  in  the  preceding  paper,  Dr.  F.  D.  Adams  has 
called  attention  to  a  remarkable  mass  of  nepheline  syenite  dis- 
covered by  him  in  the  township  of  Dungannon  and  Fai-aday, 
Ontario.  The  rock  is  in  places  exceedingly  coarse  in  texture 
and  individuals  of  nepheline,  as  much  as  two  and  a  half  feet 
in  diameter  have  been  observed.  Dr.  Adams  has  kindly 
placed  a  specimen  of  this  nepheline  in  my  hands  for  examina- 
tion. It  is  from  near  the  bank  of  the  i  ork  River  in  Dun- 
cannon  and  has  been  found  to  have  the  following  percentage 
composition  : 

•Trans,  of  the  Royal  Society  of  Canadu,  vol.  viii,  1890. 
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Silica 43-51 

Alumina 33*78 

Ferric  oxide '15 

Lime '16 

Magnesia tr. 

Potash 5-40 

Soda  1694 

Loss  on  ignition *40 

100-34 

[ardness  nearly  6.  Specific  gravity  at  17°  0.  =  2*625  as 
irmined  with  the  bottle  and  2-618  as  determined  by  sns- 
sion  with  a  hair.  The  specimen  analyzed  was  white,  sub- 
eous  or  slightly  oily  in  luster,  translucent,  and  sub-con- 
idal  to  uneven  in  fracture.  Before  the  blowpipe  it  fused 
itly  at  about  3-5  to  a  colorless,  slightly  vesicular  glass.  It 
lescribed  as  nepheline  rather  than  elseolite  because  of  the 
er  being  only  slightly  oily.  The  two  names  also  seem 
ecessary. 

Lt  a  number  of  points  in  the  region  in  question  Dr.  Adams 
ad  the  mineral  sodalite  in  the  form  oi  veins,  streaks  and 
^nlar  masses  in  the  nepheline  syenite.  The  masses  were  of 
ous  sizes,  the  largest  observed  being  10x10x4  inches  ap- 
iiraately.  Specimens  from  lot  25  range  xivof  Dungannon, 
ch  he  has  given  me  for  analysis  are  weathered  rusty  super- 
illy,  but  upon  fresh  fracture  are  of  a  fine  smalt-blue  color. 
y  are  traversed  by  a  few  little  veins  of  a  white  and  reddish 
eral  which  proves  to  be  orthoclase.  The  sodalite  also  con- 
8  scales  of  a  dark  brown  to  black  mica.  Some  of  the 
es  were  compact  and  microscopically  showed  no  cleavage 
one  which  was  selected  for  examination  showed  distinct 
ecahedral  cleavage  and  vitreous  luster.  Its  hardness  was 
at  5-5  and  its  specific  gravity  at  16*5°  C.  was  2*295.  On 
ysis  the  following  results  were  obtained  : 

Silica 36*58 

Alumina  . 31*05 

Ferrous  oxide *20 

Soda 24*81 

Potash -TQ 

Chlorine 6*88 

Sulphuric  anhydride *12 

Water 27 

Insoluble -80 

101*50  * 
Deducting  O  =  CI 1  *55 

99-95 

.  .Tour.  Sot —Third  Series,  Vol.  XLVIII,  No.  283.— July,  1894. 
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The  iron  present  was  proved  to  be  in  the  ferrous  condition. 
On  decomposing  the  mineral  with  nitric  acid  of  1'20  specific 
gravity,  a  residue  was  invariably  left  which  did  not  consist  of 
undecomposed  sodalite.  At  tirst  it  was  supposed  to  be  silica 
which  had  separated  from  the  sodalite,  but  on  boiling  with 
strong  solution  of  sodium  carbonate  only  a  small  proportion  of 
it  dissolved.  This  was  included  with  the  silica  and  the  re- 
mainder, which  contained  a  few  minute  grains  of  magnetite 
but  which  was  not  further  investigated,  was  put  down  as 
"  insoluble."  What  is  given  as  water  is  the  result  of  a  direct 
determination,  made  by  heating  the  powdered  mineral  in  a 
combustion  tube  in  a  current  of  dry  air  and  collecting  the 
water  in  a  chloride-of-calcium  tube.  A  long  piece  of  combus- 
tion tube  was  employed,  so  that  if  any  sodium  chloride  were 
volatilized  it  would  be  condensed  before  reaching  the  chloride 
of  calcium.  The  end  of  the  combustion  tube  next  to  the 
latter  was  however  found  to  be  free  from  chlorides  after  the 
operation.  Heated  .in  a  platinum  crucible  for  half  an  hour  at 
a  low  red  heat,  the  mineral  (after  drying  at  100°  C),  lost  0*34 
per  cent  of  its  weight.  With  increased  temperature  the  min- 
eral continued  to  loss  weight  slowly,  and  after  heating  to 
bright  redness  for  about  half  an  hour  the  total  loss  was  0*46 
per  cent.  The  sides  and  lid  of  the  crucible  were  however 
coated  with  a  film  of  sodium  chloride.  Heated  in  a  closed 
tube  the  sodalite  became  perfectly  white,  while  before  the 
blowpipe  it  fused  easily,  with  intumescence  to  a  colorless  glass. 

As  stated  above  the  sodalite  is  in  places  traversed  by  little 
veins  of  a  white  and  reddish  mineral  which  proves  upon 
analysis  to  be  orthoclase.  It  is  mostly  dull  but  in  places  shows 
cleavage  surfaces  with  a  pearly  luster.  The  reddish  portions 
probably  owe  their  color  to  the  decomposition  of  iron  pyrites, 
occasional  grains  of  which  still  remain.  The  specific  gravity 
at  18°  C.  was  found  to  be  2*555  and  analysis  gave  the  follow- 
ing percentage  composition  : 

Silica 63-00 

Alumina .  18*93 

Ferric  oxide '59 

Lime     .- -08 

Magnesia '09 

Potash 12-08 

Soda 3-67 

Loss  on  icrnition TOO 

99-44 

According  to  Dr.  Adams  the  feldspar  of  the  nepheline 
syenite  in  wnich  the  sodalite  occurs  is  entirely  plagioclase,  and 
the  occurrence  of  orthoclase  as  a  secondary  mineral  in  the 
sodalite  is  of  special  interest. 

Chemical  and  Mineralogical  Laboratory,  McGill  College,  Montreal. 
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Art.  IV. — A  new  Design  for  large  Spectroscope  Slits  ;   by 
F.  L.  O.  Wadsworth.    With  Plate  I. 

Of  the  various  forms  of  double  motion  spectroscope  slits 
which  have  been  designed,  the  two  forms  in  most  common  use 
are  the  parallel  ruler  form,  as  fitted  to  most  German  instru- 
ments, and  that  form  in  which  the  jaws  slide  in  guides  and 
are  moved  simultaneously  in  opposite  directions  by  a  right  and 
left  hand  screw.  The  first  lorm  is  very  convenient  but  re- 
quires very  careful  work  in  order  to  secure  accurate  results 
and  is  moreover  apt  to  stick  if  the  working  parts  are  not  kept 
clean.  Moreover  the  jaws  must  be  made  somewhat  longer 
than  the  available  width  of  slit  and  the  plate  upon  which  they 
are  mounted  must  be  still  larger  to  admit  of  room  for  mount- 
ing the  levers,  etc.,  etc.,  so  that  the  whole  arrangement  be- 
comes somewhat  bulky  in  the  case  of  a  large  slit.  Another 
difficulty  lies  in  determining  the  exact  width  of  slit  from  the 
reading  of  the  screw  which  is  used  to  open  it.  The  second 
form  mentioned  avoids  all  these  difiiculties  except  the  last, 
but  introduces  others  of  a  different  character.  As  the  screw  is 
necessarily  at  one  side  of  the  jaw  a  twisting  strain  is  thrown  on 
the  latter  by  the  friction  of  the  opposite  guide  tending  to 
make  the  slit  of  unequal  width  at  the  two  ends,  and  as  the 
motion  of  the  jaws  is  positive  in  both  opening  and  closing 
there  is  danger  of  injurmg  the  edges  of  the  slit  by  screwing 
them  too  tightly  together.  For  the  same  reason  and  also  be- 
cause there  is  no  spring  to  take  up  the  lost  motion  in  the  two 
screws,  the  zero  point  of  the  screw  reading  is  uncertain  and  it 
is  therefore  difficult  to  determine  the  exact  width  of  the  slit 
from  the  reading  of  the  screw.  Prof.  Langley  had  previously 
desired  on  this  plan  a  very  large  slit  with  jaws  5*^'"  in  length 
for  uis  bolometric  work  in  the  infra  red  solar  spectrum,  in 
which  the  above  difficulties  were  reduced  to  a  minimum,  by 
the  accuracy  and  care  with  which  the  mechanical  work  was 
done,  but  w4iich  nevertheless  showed  after  some  usage  a  decided 
bluntness  and  want  of  parallelism  of  the  edges. 

As  the  size  of  the  slit  increases  these  difficulties  of  course 
grow  more  serious.  When  it  became  necessary  therefore  to 
provide  a  new  and  still  larger  slit  having  jaws  with  10^™  clear 
opening,  I  proposed  a  new  design  which  I  had  previously  used 
with  advantage  in  a  double  motion  micrometer,  in  which  the 
thrust  of  the  screw  on  both  jaws  is  central.  As  it  appears  to 
be  new  and  as  it  possesses  several  advantages  over  either  of 
the  two  forms  previously  noted  a  brief  description  of  it  may 
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be  of  interest.  In  fig.  1  is  shown  a  rear  view  of  the  slit  the 
back  plate  being  removed  to  show  the  mechanism  clearly. 
The  two  slit  jaws  slide  between  guides  screwed  to  the  front  of 
the  slit  plate  and  each  has  a  lug  extending  through  this  plate 
and  projecting  about  1^""  behind  it.  To  the  right  hand  jaw  is 
screwed  a  3  shaped  bar  rf,  the  side  arms  of  which  pass  around 
the  ends  of  the  slit  and  the  center  of  which  is  opposite  the 
lug  on  the  left  hand  jaw.  This  lug  is  tapped  to  receive  a 
screw  on  which  are  two  threaded  portions,  one  engaging  with 
the  thread  in  the  lug  and  the  other  of  just  one-half  the  pitch 
of  the  first  engaging  in  a  nut  A  which  is  screwed  to  the  slit 
plate.  When  therefore  the  screw  is  turned,  say  to  the  right, 
the  jaws  are  separated  by  an  amount  equal  to  the  motion  of 
the  point  of  the  screw  w^ith  reference  to  the  threaded  lag, 
say  a  distance  a?,  while  the  whole  jaw  system  is  drawn  to  the 
right  by  the  action  of  the  fixed  nut  h  a  distance  equal  to  \x 
The  center  of  the  slit  therefore  remains  fixed,  the  jaws  open- 
ing out  from  it.  A  spring  bearing  against  the  lug  on  the  left 
hand  jaw  provides  for  the  return  motion  and  takes  up  all  back 
lash  in  the  screw.  The  graduated  head  gives  by  its  motion 
over  the  graduated  drum  Uie  whole  number  of  turns  and  frac- 
tions of  a  turn  enabling  the  width  of  slit  to  be  determined  at 
a  glance.  It  will  be  noted  further  that  the  accuracy  of  separa- 
tion depends  only  on  the  accuracy  of  the  screw  which  works 
in  the  slit  lug,  the  screw  at  h  serving  only  to  keep  the  jaws 
centered.  As  the  motion  is  positive  in  one  direction  only  (on 
opening),  as  in  the  case  of  a  single  motion  slit,  there  is  no 
danger  of  injuring  the  edges  of  the  slit  by  turning  the  screw 
too  far. 

Further  and  perhaps  most  important  of  all  in  a  slit  of  this 
size,  the  thrust  of  the  screw  on  both  jaws  is  central  and  there 
is  consequently  no  tendency  to  twist  the  jaws  in  their  guides. 
The  new  slit  has  been  constructed  by  (rrunow,  who  lias  as 
usual  admirablv  executed  the  work.  A  front  view  of  the  new 
slit  is  given  in  fig.  2  and  to  show  its  compactness  and  also  its 
great  size  as  compared  with  the  usual  spectroscope  slits,  two  of 
these  each  having  a  clear  opening  of  2*"™  and  representing  the 
two  types  already  described  are  shown  at  its  side. 

Astro- Physical  Laboratory,  Smithsonian  Institution, 
Washing:tou,  D.  C,  March,  189 J. 
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Art.  V. — Tertiary  Changes  in  the  Drainage  of  Southwestern 
Virginia;*  by  Marius  R.  Campbell. 

It  has  been  recognized  for  a  long  time  that  isostatic  move- 
ments have  been  active  in  the  Appalachian  region  throughout 
post-Paleozoic  time.  Their  exact  character  has  never  been 
worked  out,  nor  has  their  influence  on  the  physiography  and 
drainage  of  the  region  been  fully  appreciated.  Certain  phe- 
nomena have,  by  a  few  workers,  been  attributed  to  movements 
of  this  kind  but  in  such  cases  they  have  been  referred  to  broad 
epeirogenic  rather  than  local  orogenic  movements.  The  writer 
is  fully  convinced  that  the  local  movements  have  been  more 
important  in  shaping  both  the  physiography  and  the  drainage 
of  the  region  than  the  broader  and  more  general  movements 
and  offers  the  following  observations  concerning  a  reversal  of 
drainage,  in  support  of  the  statement. 

Along  the  northwestern  border  of  the  Appalachian  valley, 
from  Cumberland  gap  northeast,  there  is  a  great  synclinal 
trough  of  Coal  Measures,  bounded  on  the  northwest  by  Pine 
mountain  and  on  the  southeast  by  Stone  mountain  or  the 
Cumberland  escarpment.  The  edges  of  the  trough  are  formed 
by  the  Carboniferous  conglomerate,  a  hard  and  resisting  stra- 
tum which  has  been  chiefly  instrumental  in  turning  the  streams 
to  subsequent  courses.  The  change  in  drainage,  here  described, 
occurred  within  this  syncline,  about  70  miles  northeast  of 
Cumberland  gap. 

The  region  in  question  is  drained  by  Guest  and  Powell 
rivers  which  rise  in  the  Black  mountains  and  flow  south  in 
parallel  courses  to  Norton,  where  they  encounter  the  conglom- 
Brate  rising  on  the  southern  rim  of  the  syncline.  To  avoid 
this,  Powell  river  turns  west,  whereas  Guest  river  turns  east. 
They  are  but  a  mile  apart  at  these  bends  and  separated  by  a 
very  low  divide.  Powell  river  flows  westward  within  the 
Bynclinal  rim  to  Big  Stone  gap  which  it  has  carved  through 
the  conglomerate  barrier;  through  this  gateway  it  enters  the 
head  of  a  broad,  open  valley  eroded  in  the  great  Silurian 
limestones  which  it  follows  until  it  joins  the  Clinch  river 
15  miles  north  of  Clinton,  Tcnn.  Guest  river  turus  eastward 
and  flows  around  the  end  of  Powell  mountain,  joining  the 
Clinch  river  a  few  miles  below  St.  Paul,  Va. 

In  the  basin  of  Powell  River  (flg.  1)  the  drainage  appears 
normal,  showing  that  mature  adjustment  to  structural  features 
which  is  found  only  in  systems  of  great  antiquity.  The 
changes  occurring  in  the  past  have  been  so  remote  that  all 
traces  are  obliterated,  both  in  the  physiography  and  in    the 

•  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Surrey. 
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arrangement  of  the  drainage  lines.  Gnest  river,  from  the 
Norton  divide  to  Coebum,  exhibits  nnmietakable  evidence  of 
a  reversal  of  ita  course.  All  the  tributaries,  in  this  interval, 
turn  westward  to  join  the  river  which  flows  dne  east.  They 
thus  form  a  very  acnte  angle  where  they  unite.  The  present 
position  of  these  tributaries  is  found  to  bear  do  particnUr 
relation  to  the  geologic  structure,  but  to  be  due  to  some  con- 
dition affecting  tlie  stream  alone. 


The  tribntaries  which  enter  the  river  above  the  month  of 
Tom  creek  from  the  south  flow,  throughout  their  upper 
courses,  in  gorges  cut  in  the  heavy  congfomerate  of  Powell 
mountain  and  much  of  their  irregularity  is  due  to  the  way  in 
which  they  cross  its  various  hard  beds.  Before  reaching  the 
river  they  emerge  from  the  mountain  and  flow,  for  perhaps » 
quarter  of  a  mile,  across  the  level  surface  of  a  shale  valley. 
Their  normal  course  in  this  plain  would  be  northeast,  but  in 
every  case  they  turn  northwest.  Below  Coeburn  there  are 
several  small  branches  which  in  general  appear  to  follow  the 
same  law.  but  their  courses  were  determined  by  the  geologic 
structure  and  hence  cannot  be  used  as  evidence  of  reversal. 

On  the  north  side  of  the  river  there  are  three  main  brandies 
which  show  this  westward  deflection  even  more  strikingly  than 
the  southern  tributaries.  Hig  Tom  creek,  joining  tiie  river 
near  Coeburn,  has  a  decidedly  westward  course  not  in  harniony 
with  the  present  conditions.  <Teologie  strncturedid  not  deter- 
mine this  l>end  in  the  creek,  since  the  rocks  are  approximately 
hori;!ontal  except  in  the  itnmediate  vicinity  of  the  mountain 
where  there  is  a  gentle  northerly  dip  away  from  tlie  anticlinal 
axis.  Yellow  creek  alwi  affords  a  good  example  of  this  west- 
ward deflection,  for  in  jter-evering  in  its  course  the  stream  has 
been  obliged   to   cut  diagonally  across  a  small  anticline  (z  ^. 
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fig.  1)  although  the  easier  course  would  have  been  to  join  the 
river  east  of  this  fold.  This  cross  anticline,  pitching  rapidly 
northward,  has  arched  the  strata  in  such  a  manner  that  the 
conglomerate,  at  this  point,  extends  much  beyond  its  general 
line  of  outcrop.  Guest  river  originally  flowed  across  this 
projecting  point  without  coming  in  contact  with  the  hard 
stratum,  but  in  later  ages  it  has  removed  the  softer  rocks  and 
reached  the  main  conglomerate.  The  stream  has  slowly  mi- 
grated down  the  slope  of  the  hard  bed,  forming  a  great  north- 
erly bend  at  the  point  where  the  axis  crosses  the  river.  No 
such  formidable  barrier  intersects  the  course  of  Yellow  creek, 
but  in  the  measures  above  the  conglomerate  there  are  many 
hard  sandstones  which  would  doubtless  have  a  tendency  to 
shift  the  course  of  the  stream. 

The  acute  angle  made  by  Guest  river  itself  at  Norton  is 
equally  remarkable  and  cannot  be  explained  by  the  present 
course  of  the  river,  since  there  is  nothing  to  prevent  this 
stream  from  avoiding  Norton  altogether  and  joining  the  river 
near  the  mouth  of  Yellow  creek.  If  Guest  river  were  a 
mature  stream  this  would  certainly  have  been  accomplished 
and  Yellow  creek  also  would  have  been  shifted  to  the  east- 
ward in  accordance  with  the  present  conditions.  But  the 
system  is  not  adjusted  to  the  surrounding  conditions ;  it  has 
the  marks  of  immaturity,  of  adjustment  to  conditions  which 
no  longer  exist  and  which  were  radically  different  from  the 
present. 

The  divide  between  Powell  and  Guest  rivers  is  no  more 
conspicuous  than  that  between  any  two  tributaries  of  the  same 
stream ;  but  being  quite  narrow  it  has  the  appearance  of  ex- 
ceeding them  in  altitude.  The  country  is  essentially  a  deeply 
dissected  plateau  with  the  water  partings  standing  at  or  near 
the  original  surface.  Along  the  northern  side  of  Stone  and 
Powell  mountains  there  is  a  valley  due  to  the  combined  effect 
of  a  line  of  outcrop  of  soft  shale  and  great  disturbance  of  the 
strata  in  the  uprising  of  the  Powell  v  alley  anticline.  This 
valley  has  been  accentuated  by  the  work  of  the  rivers  under 
consideration,  for  they  have  naturally  availed  themselves  of 
the  most  favorable  location  and  have  carved  deep  channels 
throughout  most  of  its  extent.  In  view  of  these  structural 
facts,  we  might  expect  to  find  a  low  gap  in  the  divide  between 
the  two  dramage  basins,  but  it  is  even  lower  than  would  be 
expected.  Furthermore  a  distinct  channel  across  it  is  still 
visible  and  a  deposit  of  white  sand  and  clay  rests  upon  its 
highest  point  at  Norton. 

Thus  it  seems  certain  that  at  no  very  remote  time,  geologi- 
cally speaking,  there  was  a  large  stream  flowing  across  this 
divide;  it  seems  eoually  certain  that  the  direction  in  which  it 
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flowed  was  west ;  and  that  its  drainage  basin  included  the 
present  basin  of  Guest  river  as  far  east  as  Coebum,  Figure  3 
shows  the  ancient  drainage  reconstructed  in  accordance  with 
the  above  facts.  Powell  river  then  had  its  source  on  the 
plateau  east  of  Coebum  ;  it  flowed  along  the  present  valley  of 
Tom  creek  to  Coeburn  where  it  turned  due  west,  receiving 


the  various  tributaries  as  they  flow  to-day  and  joined  the 
present  Powell  river  a  mile  west  of  Norton.  Before  the 
change  occurred,  Clinch  and  Powell  rivers  were  flowing  at 
about  the  same  elevation,  but  this  was  probably  very  much 
nearer  sea  level  than  the  streams  flow  at  present.  In  the  con- 
test between  their  headwaters,  the  Clinch  was  retarded  by  the 
upturned  edge  of  the  Carboniferous  conglomerate  against 
which  the  mam  stream  and  its  tributaries  could  make  but  little 
headway,  while  Powell  river  was  not  hindered  by  any  obstruc- 
tion. Under  these  conditions  the  divide  between  them  had 
migrated  back  quite  close  to  Clinch  river  as  shown  in  fig.  2. 
Being  thus  adjusted  to  the  surrounding  conditions,  the  two 
rivers  would  have  remained  in  equilibrium  unless  their  balance 
was  disturbed  by  an  external  cause.  This  cause  must  have 
been  isostatic  movement  since  no  other  kind  of  movement  is 
known  to  have  occurred  in  late  geolo^^ic  time.  But  was  it  an 
epeirogenic  or  orogenic  movement  that  caused  the  change? 
A  brojid  uplifting  of  the  district  could  not  have  produced  this 
effect  for  the  relative  position  of  tlie  two  streams  would  have 
remained  unchani'cd,  therefore  it  must  have  been  caused  bv  a 
local  or  orogenic  u])lift.  Our  conclusion  however  need  not  be 
based  upon  this  negative  evidence  for  the  region  abounds  with 
positive  proof  of  the  warping  of  the  earth's  crust. 

The  upper  portion  of  the  Clinch  valley  presents  the  youth- 
ful features  of  a  recently  revived  stream.  Its  character  was 
first  recoirnized  bv  Willis  in  1885  and  later  studied  in  detail  bv 
the  writer.     The  river  flows  in  a  narrow  channel  300  to  7<X^ 


Campbell — Changes  in  the  Drainage  of  Virginia.      26 

feet  deep  which  it  has  carved  in  the  calcareous  strata  of  the 
Cambrian  and  Lower  Silurian.  Its  larger  tributaries  have 
nearly  kept  pace  with  the  river  in  the  corrasion  of  their  chan- 
nels, but  the  smaller  ones  have  only  succeeded  in  cutting 
narrow  V-shaped  gorges  through  which  they  discharge  their 
waters  into  the  main  stream.  The  Holston,  a  larger  stream, 
flowing  parallel  to  the  Clinch  and  20  miles  southeast  of  it,  has 
only  cut  from  60  to  100  feet  below  its  ancient  valley. 

This  shows  greater  elevation  of  the  Clinch  drainage  basin  or 
a  differential  uplift  with  its  maximum  development  in  the 
region  northwest  of  Clinch  river,  sloping  gradually  southeast 
to  a  minimum  in  the  valley  of  the  Holston.  While  this  up- 
lift was  purely  orogenic  in  character,  it  must  not  be  supposed 
that  it  formed  steep  slopes  in  both  directions  away  from  the 
axis  of  the  fold,  but  rather  that  it  raised  the  surface  in  a  low 
broad  ridge  along  a  certain  axial  line  which  can  be  located 
only  in  the  most  general  way.  Judging  from  evidence  ob- 
tained in  a  more  extensive  study  of  the  Held,  this  axis  passes 
north  of  Norton  but  at  what  distance  it  is  difficult  to  determine. 
Along  the  crest  of  the  fold  there  was  probably  a  broad  belt 
where  but  little  tilting  occurred  which  accounts  for  the  unaf- 
fected condition  of  the  northern  tributaries  of  Powell  and 
Guest  rivers.*  The  surface  southeast  of  this  axial  line  being 
thus  tilted,  those  branches  flowing  southeast  to  the  Clinch 
river  would  be  accelerated,  while  the  headwaters  of  Powell 
river  would  be  retarded  since  they  flow  toward  the  axis  of 
uplift.  Clinch  river  having  a  greater  volume  of  water  than 
Powell  river  would  more  rapidly  deepen  its  channel  even 
though  it  had  to  contend  against  the  upturned  conglomerate. 
The  branch  A,  fig.  2,  flowing  on  the  soft  shales  above  the 
conglomerate,  easily  cut  back  along  the  strike  and  diverted  the 
head  branches  of  Powell  river;  first  the  small  one  B  from 
the  southeast  was  conquered  which  pushed  the  divide  to 
Coeburn ;  Tom  creek  was  captured  at  this  point  and  the 
process  of  robbing  was  greatly  accelerated  by  the  increased 
volume  of  water  derived  from  that  stream ;  as  time  pro- 
gressed, the  conquest  extended  westward  until  at  last  it  re- 
versed the  entire  drainage  east  of  Morton.  This  robbing 
could  be  easily  extended  so  as  to  include  Benges  branch  which 
comes  out  of  the  mountain  upon  almost  the  summit  of  the 
divide  and  flows  west  to  Powell  river.  Should  Guest  river 
lower  the  divide  but  20  feet  this  branch  would  flow  to  the 
eastward,  but  this  change  is  not  likely  to  occur  since  Powell 
river  is  much  more  actively  at  work  on  this  divide  than  Guest 

♦  A  fuller  discussion  of  this  evidence  is  given  in  the  Oeomorphology  of  the 
Southern  Appalachians  by  C.  Willard  Hayes  and  Marius  R.  Campbell.  Nat. 
Geog.  Mag.,  vol.  vi. 
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river.     The  chances  are  in  favor  of  the  former  etream  recap- 
turing some  of  its  lost  territory. 

This  career  of  conquest  so  well  beeun  by  Guest  river  was 
stopped  short  by  an  obstruction   in   its  pathway.     The  river 
soon    removed    the   soft  shales  upon  which  it  was  originallj 
located  and  encountered  the  massive,  horizontal  conglomerate 
which  soon  absorbed  all  of  its  energies.    This  work  has  greatlj 
retarded  the  development  of  its  upper  course  which  has  re- 
mained almost  stationary  and  has  retained  all  of  its  inherited 
characteristics.     In  the  great  bend  below  Yellow  creek,  this 
massive  conglomerate  has  again  obstructed  the  course  of  the 
stream  and  still  more  retarded  the  development  of  its  head 
branches. 

The  reversal  was  accomplished  after  the  Tertiary  period  of 
base  leveling,  for  the  uplift  along  the  axis  C  D  warped  the 
Tertiary  peneplain  as  described  above  and  hence  must  have 
occurred  after  the  completion  of  that  topographic  feature.  The 
amount  of  corrasion  accomplished  by  Guest  river  since  the 
change,  requires  a  large  allowance  of  time ;  therefore  it  seenM 
probable  that  the  change  occurred  soon  after  the  completion  of 
the  base-leveling  period  or  in  late  Tertiary  time. 

Altogether  the  evidence  seems  quite  conclusive  (1)  that  such 
a  change  occurred ;  (2)  that  it  was  accomplished  soon  after  the 
completion  of  the  Tertiary  peneplain ;  and  (3)  that  its  caase 
was  the  orogenic  uplift  along  the  axis  C  D. 

In  connection  with  the  case  above  described,  the  writer 
wishes  to  call  attention  to  another  probable  adjustment  of 
drainage  due  to  the  same  orogenic  uplift;  a  change  which 
accounts  for  some  peculiar  topographic  features  now  apparently 
anomalous. 

Cumberland  gap,  that  historic  gateway  between  the  east  and 
the  west,  is  but  a  wind-gap  in  the  Cumberland  escarpment  and 
is  remarkable  chiefly  on  account  of  the  depth  to  which  it  is 
cut.     That  its  history  is  different  from  the  history  of  the  ordi- 
nary wind-gaps  in  the  ridge  is  apparent,  but  the  only  explana-    I 
tioii   yet  offered   regarding  its  origin   is  that  by  Shaler  who 
attributes  it  to  retrogresfsive  erosion  along  a  local  cross-fault.* 
That  a  fault  of  this  eliaracter  determined   the  location  of  the 
gaj)  seems  quite  probable  but  it  is  not  so  clear  that  sub-aerial 
erosion  could  reduce  it  to  its  present  condition.     The  writer  is 
familiar  with  several  such  cross- faults,  but  knows  of  no  casein 
which  a  remarkably  low  gap  has  been  produced  by  them  unle^^ 
corraded  by  a  stream  of  water.     If  we  assume  for  the  present 
that  Cumberland  gap  is  due  to  stream  corrasion,  then  there  ar  ^ 
three  questions   which   must  he  answered.     (1)  What  streiW 

♦  Kentucky  Ueologieal  Survey,  vol.  iii,  New  Series,  pp.  98-99. 
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could  have  occapied  the  gap ;  (2^  what  conditions  changed 
its  coarse  ;  and  (3)  when  did  this  cnange  occur  \ 

The  accompanying  map  shows  in  a  general  way,  by  means 
of  500  foot  contours  the  configuration  of  the  country.  The 
great  valley  bordering  the  Cumberland  escarpment  on  the 
southeast  is  called  Powell  valley  and  in  this  during  the  Ter- 
tiary period  the  limestones  were  reduced  almost  to  baselevel. 
Since  then  the  plain  has  been  tilted  so  that  at  the  northeastern 
corner  of  the  area,  covered  by  the  map,  its  present  elevation  is 
about  2,000  feet,  sloping  gradually  to  about  1,500  feet  at  Cum- 
berland gap  and  1,200  feet  in  the  extreme  southwestern  corner 
of  the  sheet  at  Clinton,  Tenn.  The  Cumberland  river  valley 
was  partially  baseleveled  at  about  this  same  elevation,  but  ti« 
rocks  are  harder  and  the  reduction  was  not  so  complete,  A 
very  significant  fact  about  Cumberland  gap  is  that  its  elevt- 
tion  (1,383  feet)^  is  less  than  the  Tertiary  baselevel  peneplain 
on  either  side.  This  shows  that,  after  the  completion  or  the 
peneplain,  the  stream  occupied  the  gap  long  enough  to  reduce 
it  at  least  100  feet  below  the  former  baselevel.  An  uplift 
following  a  period  of  base-leveling  would  stimulate  erosion 
very  much  and  the  streams  would  rapidly  deepen  their  chan- 
nels, but  on  the  other  hand  the  lower  courses  of  a  stream  must 
be  cut  before  it  can  deepen  its  channel  near  headwaters,  so  it 
is  probal)le  that  considerable  time  elapsed  between  the  com- 
pletion of  the  peneplain  and  the  diversion  of  the  stream  that 
carved  the  gap.  This  agrees  with  the  probable  date  of  change 
in  Guest  river  and  indicates  that  the  same  uplift  is  responsible 
for  both. 

Thus  we  can  with  considerable  confidence  establish  the  date 
at  which  this  change  occurred.  Now  it  remains  to  be  seen 
whether  we  can  locate  the  stream  that  was  then  diverted  from 
the  gap.  Did  Powell  river  then  turn  north  and  join  Cumber- 
land river  or  did  the  Cumberland  flow  south  and  join  Powell 
river  ^  The  headwaters  of  the  Cumberland  probably  did  not 
flow  soutl),  for  the  gorge  tlirough  Pine  mountain  must  hare 
been  occupied  since  Cretaceous  time ;  therefore  no  change 
could  liave  been  made  in  that  stream  as  late  as  the  Keocene. 
In  regard  to  Powell  river  there  are  some  facts  that  support 
the  idea  of  a  northward  flow.  Tliis  stream  as  already  de- 
scribed  follows  the  Powell  valley  throughout  most  of  it4>  course. 
From  Jonesville,  Va.,  tu  a  point  opposite  Cumberland  ijap, 
the  river  flows  closelvalon^  the  southeastern  side  of  the  vallev 
in  a  normal  course,  but  at  the  latter  point  it  turns  abruptly 
and  flows  toward  the  gap  for  a  distance  of  five  miles.      In  thus 

*  Klevation  criven  '»y  ilie  profile  of  the  (.'nniberland  ^ap  extension  of  the  Louis- 
ville and  Nashville  Railroad. 
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eviating  from  its  course,  it  leaves  the  soft  Chickamauga 
Trenton)  limestone  and  cuts  across  the  siliceous  Knox  dolo- 
lite  to  a  point  about  four  miles  from  the  gap  and  on  the  axis 
F  the  anticline;  here  it  makes  another  sudden  change  and 
)llow8  the  axis  to  the  southwest.  This  peculiar  bend  in  the 
ver  cannot  be  explained  by  existing  conditions ;  it  appears 
)  be  an  inherited  course  from  an  older  river  which  turned 
;  this  point  and  flowed  northwestward  through  Cumberland 

The  Cumberland  river  was  probably  one  of  the  principal 
;ream6  draining  the  Appalachian  highlands  before  the  close 
f  the  Paleozoic  era  and  it  held  its  antecedent  course  long 
fter  the  Cumberland  plateau  was  elevated  above  sea-level. 
*he  great  river  flowing  southwest  in  the  Appalachian  valley 
Dcroached  upon  the  headwaters  of  the  Cumberland  and 
radnally  diverted  its  upper  tributaries.  In  Cretaceous  time 
^owell  river  was  the  sole  surviving  member  of  the  Cumber- 
ind  river  system  within  the  Appalachian  valley.  It  held  its 
ntecedent  course  to  the  westward  during  the  elevation  which 
olio  wed  the  Cretaceous  period  of  baseleveling  and  carved 
eep  gorges  in  Pine  and  Cumberland  mountams.  It  main- 
dned  this  courae  while  the  surface  was  again  reduced  to 
peneplain,  but  in  the  succeeding  uplift,  it  was  diverted. 
?hns  Cumberland  river  lost  its  last  hold  on  the  Appalachian 
alley. 

The  axis  of  erogenic  uplift  which  affected  the  headwaters  of 
i^owell  river  so  disastrously  passes  iust  west  of  Cumberland 
;ap.  Previous  to  the  uplift,  Cumberland  river  was  barely 
lolding  its  own  against  the  encroaching  Appalachian  river ;' 
K^hen  the  uplift  occurred  athwart  its  course  it  was  forced  to 
^ield  its  last  tributary  to  its  more  favorably  located  rival. 
Clinch  river.  A  small  branch  working  back  along  the  axis  of 
the  Powell  Valley  anticline  tapped  ]Powell  river  above  the 
rising  fold  and  turned  its  waters  into  the  Tennessee  system. 

Thus  in  all  probability  a  slight  orogenic  uplift  was  the  direct 
canse  of  a  complete  diange  in  the  drainage  of  this  region, — a 
change  radical  in  its  effect  but  now  indicated  alone  by  the  de- 
serted gorge  of  Cumberland  gap. 
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Art.    VI.  —  On  i»ome    Metluxh  for  the   Determination  of 

Water;  by  S.  L'Pexfield. 

The  accurate  determination  of  water  is  sometimes  one  of 
the  (liflScult  operations  of  analytical  chemistry.  This  is  espe- 
cially the  case  when  water  is  not  completely  expelled  from  a 
mineral  at  a  temperature  which  can  be  obtained  in  a  hard 
glass  tube  with  an  ordinary  gas  combustion  famace,  and  es- 
pecially when  either  the  loss  of  some  volatile  constituent  or  an 
increase  in  weight  by  oxidation  renders  it  impossible  to  make 
the  determination  by  loss  on  ignition.  The  tabulated  plati- 
num crucible  descrilmd  by  Goocli*  furnished  a  solution  of  the 
problem,  but  the  apparatus  is  expensive,  and  the  author  bag 
found  it  necessary  to  surround  the  crucible  in  which  the  fusion 
is  made  with  an  outer  one  containing  some  fusible  salt  like 
sodium  carbonate,  in  order  to  prevent  the  passage  of  gases 
through  the  red  hot  platiimm,  wnich  would  render  the  results 
of  the  determination  too  high.  This  makes  the  apparatus 
more  complicated,  and  the  expansion  and  contraction  of  the 
fused  salt  between  the  crucibles  strains  the  apparatus  to  suck 
an  extent  that  repairs  are  frequently  necessary.  The  use  of  a 
platinum  tube,  wrap]>ed  with  re|>eated  layers  of  asbestus  paper 
soaked  in  borax  to  prevent  the  passage  of  gases,  has  been  sug- 
gested by  Cluitard,t  but  the  apparatus  is  both  expensive  and 
complicated. 

The  author's  experience  in  testing  minerals  for  water  has 
suggested  the  possibility  of  making  an  accurate  determination 
by  heating  a  weighed  quantity  of  mineral  in  a  closed  glass 
tube,  weighing  the  tube  plus  the  water,  then  drying  and  weigb- 
in<i:  airaiii.  It  has  been  found,  as  will  be  shown  in  the  course 
of  this  article,  that  the  method  is  verv  accurate  and  makes 
it  possible  to  obtain  direct  water  determinations  without  the 
use  of  absorption  tubes,  or  any  system  of  drying  apparatus. 
The  method  is  not  altogether  new,  as  it  has  been  used  by  Prof. 
G.  J,  Brush:}:  in  the  analysis  of  Sussexite,  H(MnMg)BO,.  In 
this  case  after  the  water  had  been  expelled  and  the  tube 
weighed,  the  water  wiis  dried  out  in  a  vacuum  over  chloride  of 
calcium,  when  the  tube  was  again  weighed  and  the  percentage 
calculated  from  the  loss. 

From  tlie  author's  experiments  the  following  conditions  niav 
be  recommended  as  favorable.  The  shape  of  the  closed  tubes 
depends  upon  the  quantity  of  mineral  that  is  to  be  experi- 

*Am.  ('hem.  Jour.,  ii.  p.  247.  1880. 
I  ,\mer.  ('hem.  .lour.,  xiii,  p.  110.  1891. 
i  This  Jourual,  II,  xlvi,  p.  240,  1868. 
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mented  upon,  the  ease  with  which  the  water  is  given  oflf  and 
the  necessity  of  adding  some  substance  in  order  to  retain  a 
volatile  constituent.  A  simple  hard  glass  tube  closed  at  one 
end,  of  about  6°™  internal  diameter  and  20-25*^™  long  can  often 
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be  used,  while  some  of  the  forms  that  have  been  found  more 
convenient  are  represented  in  figures  1  to  3.*  Number  3  may 
be  drawn  out  from  ordinary  combustion  tubing.  These  tubes 
must  be  thoroughly  dried  inside,  which  is  best  accomplished 
by  heating  and  aspirating  a  current  of  air  through  them  by 
means  of  a  glass  tube  reaching  to  the  bottom.  This  is  a  neces- 
sary precaution  and  should  always  be  taken  even  if  the 
tubes  are  apparently  dry.  In  order  to  bring  a  weighed  quan- 
tity of  the  substance  into  the  lower  end  of  a  tube  without 
depositing  any  of  the  material  on  the  sides,  a  thistle  tube,  fig. 
4,  is  employed.  This  is  conveniently  cleaned  by  drawing 
through  it  a  bit  of  dry  cotton  attached  to  a  fine  wire. 

For  heating,  a  Bunsen  burner  or  blast  lainp  flame  may  be  used, 
according  to  the  temperature  required.  The  water  that  is  ex- 
pelled condenses  in  the  cold  part  of  the  tube,  but  cannot  escape 
as  there  is  no  outward^  current  to  carry  it  along,  except  a  very 
slight  one  caused  by  tne  expansion  of  the  air  when  the  tube  is 
first  heated.  To  guard  against  any  possible  circulation  of  cur- 
rents of  air  however,  which  might  carry  off  traces  of  water,  a 
short  piece  of  glass  tube  drawn  out  to  a  capillary,  fig.  5,  is 
joined  on  by  a  rubber  and  is  removed  before  6. 

weighing.     While  being  heated,  the  tube  may 
be  held  by  a  clamp  or  in  the  hand,  and  if  the 
quantity  of  water  is  considerable  it  should  be 
expelled  slowly  and  driven  up  into  the  first  bulb,  figs.  2  and  8, 
to  prevent  its  flowing  back  upon  the  hot  glass.     To  prevent 

*  In  making  the  ignition  tubes  considerable  time  may  be  saved  by  fusing  oew 
bottoms  on  to  those  that  have  previously  been  used. 
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the  upper  part  of  the  tube  from  becoming  heated  by  radiation 
from  the  flame,  a  screen  of  asbestns  board  can  be  used,  or  still 
better  a  strip  of  wet  cloth  may  be  wrapped  about  the  bulbs 
and  upper  part  of  the  tube,  and  this  may  be  further  cooled  if 
necessary  by  applying  water  from  a  wash  bottle.  After  the 
water  has  been  expelled,  the  glass  is  fused  down  upon  the  sub- 
stance, so  as  to  make  its  volume  as  small  as  possible,  and  the 
end  containing  the  substance  pulled  oflf.  It  is  not  always  nec- 
essary to  do  this,  but  it  usually  is  best.  The  tube  containing 
the  water  is  wiped  clean,  cooled  and  weighed.  The  water  can 
be  quickly  removed  by  heating  and  aspirating  out  the  steam  and 
moist  air,  when  the  tube  after  cooling  is  again  weighed.  To 
test  the  accuracy  of  the  method  experiments  were  made  with 
transparent,  colorless  gypsum  from  Sicily.  The  mineral, 
which  is  assumed  to  be  pure  and  to  contain  20*93  per  cent  of 
water,  was  ground  and  weighed  out  air  dry  from  a  weighing 
tube.     The  results  are  as  follows : 


Gypsum  taken. 

Water  calculated. 

Water  found. 

Error. 

1. 

•20985 

•0439 

•0442 

•0003  + 

2. 

•2417 

•0506 

*0505 

•0001  — 

3. 

•2642 

•0553 

•0553 

•0000 

4. 

•3505 

•0734 

•0731 

.0003  — 

5. 

.4913 

•1028 

•1028 

•0000 

6. 

•6457 

•1351 

•1352 

•0001 -- 

7. 

2^0000 

•4186 

•4195 

•0009-  - 

8. 

5^0643 

1-0600 

10623 

•0023  4- 

To  these  may  be  added  some  determinations  made  on  cala- 
mine and  natrolite,  which  by  direct  ignition  in  a  crucible  lost 
7*76  and  9'80  per  cent  of  water  resj^ectively. 

Calamine  taken.      Water  calculated.     Water  found.  Error. 

9.  -5301  ^04 11  -0406  '0005- 

Natrolite  taken. 

10.  -1838         •0180        ^0176        -0004  — 

11.  ^2553         ^0250        -0247        •0003  — 

12.  1-0000         ^0980        '0980        •OOOO 

These  results  indicate  that  the  method  is  very  accurate  for 
the  determination  of  both  large  and  small  quantities  of  water 
and  experiments  7  and  8,  which  show  the  greatest  apparent 
variation,  are  within  '045  and  '04  per  cent  of  the  theory  re- 
spectively. 

To  test  the  method  where  substances  have  to  be  added  to 
retain  volatile  products,  experiments  were  made  with  pure 
recry stall ized  cupric  and  ferrous  sulphates,  containing  2S*S7 
and  45*32  per  cent  of  water  respectively.  To  prevent  the 
escape  of  SO,  some  strongly  ignited  lime  was  mixed  with  the 
powdered  salts  before  heating.     The  mixing  can  best  be  done 
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the  tube  by  means  of  a  fine  wire,  bent  into  a  corkscrew  coil 
the  end.     The  results  are  satisfactory  and  are  as  follows : 


GuSo4 .  6H3O  token.     HsO  calculated.       H3O  found. 


1. 

•2458 

•0887 

2. 

•3532 

•1274 

3. 

•3613 

•1304 

4. 

•3779 

•1363 

5. 

1-7587 
FeS04.7HaOtaken. 

•6347 

6. 

•1138 

•0516 

7. 

•2150 

•0975 

3O  found. 

Error. 

•0885 

•0002  - 

•1270 

•0004-. 

•1296 

•0008  - 

•1359 

•0004  — 

•6343 

•0004  - 

•0516 

•0000 

•0978 

•0003  + 

It  frequently  happens  that  water  is  to  be  determined  in  com- 
ounds  which  give  oflf  carbon-dioxide  on  ignition,  as  for  ex- 
nple  in  rock  analysis  where  calcite  is  present,  and  to  test  the 
^plication  of  the  method  in  such  cases  experiments  have  been 
lade  with  pure,  recrystallized  bicarbonate  of  potash,  which 
ields  8*99  per  cent  of  H,0  and  22  per  cent  01  00^  on  igni- 
on,  and  also  with  gypsum  mixed  with  calcite.  It  is  evident 
lat  carbon-dioxide  will  displace  the  air  in  the  tube  and  must 
e  removed  before  weighmg.  This  may  conveniently  be 
3complished  by  holding  the  tube  at  an  inclination  of  about 
{)°j  with  the  cap  removed  and  open  end  down,  so  that  the 
eavier  carbon-dioxide  can  flow  out.  At  first  the  tube  dimin- 
hes  rapidly  in  weight,  but  after  three  hours  the  loss  becomes 
most  constant  and  amounts  to  very  nearly  0*0003  grams  for 
reiT  hour  that  the  tube  is  left  open.  A  correction  therefore 
f  that  amount  must  be  made.  Moreover,  the  carbon-dioxide 
hich  passes  out  of  the  tube  will  carry  water  vapor  with  it, 
at  if  the  amount  of  the  gas  that  is  liberated  is  known  a  cor- 
^tion  may  be  made.  Assuming  that  the  gas  is  saturated 
ith  water  vapor,  and  passes  out  of  the  tube  at  a  mean  baro- 
letric  pressure  of  760"°*  and  a  temperature  of  20°  C,  1  gram 
f  it  would  carry  off  •0096  grams  of  water.  In  the  following 
ines  of  experiments  the  tubes  were  left  open  in  an  inclined 
osition  for  three  or  more  hours,  and  in  addition  to  the  time 
jrrection,  one  was  made  for  the  water  carried  off  by  the 
scaping  CO,,  which  amounts  to  '0021  gr.  for  every  gram  of 
[KCO,  taken. 


Corrected 

HK(X)s  taken. 

HsO  calculated. 

HaO  weighed. 

weight. 

Error. 

1.            -2694 

•0242 

•0225 

-0242 

•0000 

2.            -4641 

•0417 

•0395 

-0418 

•0001  + 

3.           -5064 

-0455 

•0438 

•0458 

•0003  4- 

4.         1^0065 

•0904 

•0869 

•0902 

•0002  — 

5.         1^0089 

•0907 

•0881 

•0912 

-0005+ 

6.         1-5109 

•1357 

•1312 

•1357 

•0000 

7.         2-0000 

•1798 

•1747 

•1796 

-0002  — 

8.         2-7690 

'2489 

•2393 

•2463 

•0026- 
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The  greatest  deviation  from  the  theory  in  this  series  is  in  No. 
8  wliich  shows  a  loss  of  O'lO  per  cent. 

In  the  experiments  witli  gypsum  mixed  with  calcite  it  can- 
not readily  be  told  how  much  CO,  is  expelled,  since  it  is  not 
known  to  what  extent  the  calcite  is  decomposed.  The  only 
correction  that  has  been  made  therefore  is  for  the  time  thit 
the  tubes  were  left  open. 


Gypsum 
taken. 

Calcite 
taken. 

HoO 
calculated. 

H,0 
weighed. 

Weight 
corrected. 

Error. 

1.      -2668 

•1000 

•0558 

•0549 

•0558 

•0000 

2.      -3503 

•2000 

•0733 

•0712 

•0721 

•0012 

3.    1-0000 

l^OOOO 

•2093 

•2084 

•2093 

•0000 

6. 


The  results  thus  far  given  are  very  satisfactory,  and  they 
represent  all  the  determinations  made  after  the  method  was 
perfected.  In  the  case  of  minerals,  however,  which  give  off 
water  only  on  Intense  ignition,  it  was  found  that  the  tubes 
could  not  be  heated  sufficiently  over  the  blast  lamp.  A  long 
series  of  experiments  was  made  with  talc,  ehondrodite  and 
staurolite,  using  lead  oxide,  bismuth  oxide  and  a  mixture  of 
lead  oxide  and  sodium  carbonate  in  the  tubes  as  fluxes,  but 
the  results  were  not  satisfactory.  It  was  evident  that  a  more 
intense  heat  must  be  obtained,  and  accordingly  the  following 

method  of  heating  was  de- 
vised. A  sort  of  oven 
was  constructed  of  fire 
brick  lined  with  pieces  of 
charcoal,*  fig.  ♦>.  The  best 
tube  to  use  with  this  fnm- 
ace  is  one  like  fig.  3,  made 
from  combustion  tubing. 
To  protect  the  glass  the 
lower  end  is  surrounded 
by  a  cylinder  of  platinum 
foil.  This  is  applied  by 
first  bending  the  metal  about  a  tube  considerably  smaller  than 
the  one  to  be  used,  and  then  springing  it  over  the  end  of  the 
ignition  tube.  If  properly  adjusted  the  spring  of  the  plati- 
num will  hold  it  securely  in  place.  The  tube  is  held  in  the 
furnace  as  shown  in  the  figure.  An  additional  piece  of  char- 
coal is  placed  on  top  of  the  tu])e  and  the  blast  lamp  is  turned 
to  a  horizontal  position  so  that  the  fianie  plays  upon  the  side 
of  the  apparatus.  The  temperature  that  can  be  obtained  by 
this  metliod  of  heating  is  very  intense,  bringing  the  apparatus 

*  Where  fire  bric'k  are  uot  at  hand  ordinary  brick  will  answer,  but  they  soon 
crack  with  tli<.'  intenso  lieat.  The  charcoal  that  is  most  oonvenient  to  use  is  that 
which  comes  prepared  for  blowpipe  purposes. 


Zy" 
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to  a  f nil  white  heat.  The  flame  glances  oflf  from  the  charcoal 
and  it  is  necessary  to  have  the  tube  carefully  screened  by 
asbestus  board,  in  addition  to  having  a  wet  cloth  around  the 
bulbs.  After  the  ignition  is  finished  a  ^lass  tube  is  fused  to 
the  platinum  to  hold  it,  and  the  end  of  the  tube  is  pulled  oflf. 
The  platinum  foil  can  be  separated  from  the  glass  by  plung- 
ing it  while  hot  into  cold  water,  when  the  glass  readily  cracKS 
away.  For  testing  the  eflSciency  of  this  method  of  heating, 
experiments  were  made  with  talc  from  Fowler,  N.  Y.  The 
material  was  not  absolutely  pure  and,  therefore,  the  degree  of 
accuracy  must  be  determined  by  the  agreement  of  a  series  of 
determinations. 

Talc  taken.  Water  weighed.   Per  cent. 


1. 

•5000 

Heated  alone 

•0232 

4-64 

o^ 

•5000 

Mixed  with  0*50  gr. 

CaO 

•0224 

4^48 

3. 

•5000 

a           u       Q.75    a 

PbO 

•0230 

4-60 

4. 

10100 

"           "       1^50   *' 

(( 

•0451 

4^47 

o. 

•9637 

"          "      2^00  " 

(( 

•0426 

4^42 

The  talc  contained  some  fluorine,  since  when  heated  alone 
the  tube  was  slightly  etched  and  the  water  distinctly  acid,  the 
percentage  in  Xo.  1  is  certainly,  therefore,  somewhat  high.  A 
mean  of  Nos.  2,  4  and  5,  4*46  per  cent  is  probably  very  nearly 
correct.  The  amount  of  lead  oxide  to  be  taken  as  a  flux  de- 
pends upon  the  fusibility  of  the  mineral.  With  an  infusible 
compound  like  talc,  an  amount  equal  to  twice  the  weight  of 
the  mineral  would  be  near  the  limit,  while  with  a  more  fusible 
one  very  much  less  should  be  used.  All  that  is  necessary  is  to 
have  the  contents  of  the  tube  fuse  so  as  to  insure  a  complete 
decomposition,  and  if  the  mixture  is  too  fusible  it  may  eat  its 
way  through  the  glass,  not  only  spoiling  the  experiment  but 
probably  injuring  the  platinum.  Lead  oxide,  taken  in  small 
quantities,  cannot  always  be  relied  upon  to  hold  fluorine. 
Thus  in  trying  to  determine  water  in  topaz,  1  gram  of  the  min- 
eral was  fused  with  twice  its  weight  of  the  oxide  but  the 
water  that  came  oflf  was  very  strongly  acid.  The  lead  oxide 
used  in  these  experiments  was  a  good  quality  of  litharge, 
heated  to  near  its  fusing  point  to  drive  oflF  water  or  any  vola- 
tile matter.  The  material  is  not  hygroscopic,  and  can  be  kept 
for  a  considerable  time  exposed  to  the  air  without  suffering 
any  appreciable  increase  in  weight. 

i^he  intense  heat  which  can  be  obtained  with  the  charcoal 
furnace  already  described  makes  it  possible  to  decompose  a 
mineral  completely  by  fusion  with  sodium  carbonate  in  a  com- 
bustion tnbe,  and  to  collect  the  water  in  a  weighed  sulphuric 
acid  or  chloride  of  calcium  absorption  apparatus.  For  this 
purpose  a  piece  of  combustion  tubing  of  15"^'^  internal  diam- 
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eter  is  drawn  out  like  fig.  7.  The  end  is  rounded  and  flared 
out  a  little.  Two  clylinders  of  platinum  are  next  adjusted, 
one  on  the  inside  the  other  on  tlie  outside.  These  are  made 
from  pieces  of  platinum  foil,  about  '07"""  in  thickness  and 

7. 


8x11*^"  in  diameter,  which  have  previously  been  bent  around 
glass  tubes  of  such  a  size  that  when  applied  to  the  combustion 
tubing  the  spring  of  the  metal  will  liold  them  in  place.  A 
large  platinum  boat,  7  to  8^°*  long  and  11  to  12"°*  in  diameter 
witli  a  cross  section  like  fig.  8,  should  be  used,  since  this  will 
8.  readily  hold   a  gram   of   mineral   mixed  with  5 

grams  of  sodium  carbonate.  Sodium  carbonate 
dried  at  near  its  fusing  point  is  not  very  hygro- 
scopic. Thus  2*5  grams  of  it,  spread  out  on  a 
watch  glass  gained  only  "0002  grams  in  15  minutes. 
After  the  boat  containing  the  mixture  has  been  shoved  within 
the  platinum  casing,  the  tube  is  connected  with  a  suitable  dry- 
ing and  absorption  apparatus  and  heated  in  the  furnace  which 
is  constructed  like  fig.  6  except  that  only  three  bricks  are  used. 
The  tube  is  placed  in  the  angle  formed  by  the  charcoal  lining, 
some  pieces  of  charcoal  are  placed  at  the  sides  in  front,  leav- 
ing an  opening  through  which  the  flame  may  be  directed,  and 
an  additional  piece  is  laid  on  top.  The  tube  can  readily  be 
brought  to  a  full  white  heat,  and  \^y  farcing  a  slow  current  of 
dry  air  through  the  apparatus  the  carbon-dioxide  resulting 
from  the  decomposition  can  be  removed,  and  the  water  carried 
over  into  the  weighed  absorption  tube.  The  glass  fuses  be- 
tween the  platinum  casings,  and  in  a  number  of  experiments 
that  have  been  tried  there  lias  not  been  a  single  instance  where 
the  glass  tube  has  broken  or  shown  any  indication  of  leaking. 
After  heating,  the  tube  will  not  crack  if  it  is  left  to  cool 
slowly  on  the  charpoal,  but  it  cannot  be  used  a  second  time  as 
it  will  be  very  apt  to  break  where  the  platinum  is  fused  on  to 
the  glass.  At  the  high  temperature  to  which  the  glass  is  sub- 
jected, it  of  course  becomes  very  soft  and  the  ends  must  be 
properly  supported,  also  the  rubber  connections  and  absorption 
apparatus  must  be  carefully  screened  by  asbestus  board.  By 
constructing  a  cover  for  the  boat  no  material  need  be  lost  by 
spattering,  and  after  making  the  water  determination  the  con- 
tents may  be  used  for  the  remainder  of  the  analysis.  With 
some  samples  of  topaz  that  were  experimented  upon,  the  escap- 
ing carbon-dioxide  carried  off  traces  of  the  mineral  and  sodium 
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carbonate  in  the  form  of  fine  dast,  but  its  passage  into  the 
weif^hed  absorption  apparatas  was  prevented  by  a  loose  plug 
of  fine  asbestns,  slipped  into  the  tube  after  the  boat  was  in 
place. 

Three  determinations  of  water,  made  on  the  same  sample  of 
talc  that  was  used  for  testing  the  previous  method,  gave  4*46, 
4*37  and  4*44  per  cent,  a  mean  of  4*42.  At  the  conclusion  of 
an  experiment  the  platinum  foil  can  readily  be  removed  from 
the  glass  by  heating  and  plunging  into  cold  water,  and  may  be 
flattened  by  rolling  with  a  glass  tube.  This  method  is  one 
that  is  applicable  for  the  determination  of  water  in  all  cases 
of  mineral  analysis,  and  if  carefully  executed  the  results  are 
very  accurate.  In  its  essential  details,  decomposition  by  fus- 
ing with  an  alkali  carbonate  and  collecting  the  water  in  a 
weighed  absorption  apparatus,  it  is  similar  to  the  methods  of 
Luowig*  and  Sipocz.f  The  former  suggested  the  use  of  a 
specially  constructed  platinum  tube  in  which  the  mineral  was 
fused  with  a  mixture  of  dry  sodium  and  potassium  carbonates, 
the  latter  made  use  of  a  porcelain  tube  and  the  fusion  was 
made  with  the  mixed  carbonates  in  a  platinnm  boat.  The  use 
of  a  glass  tube  has  a  decided  advantage  over  platinum  and 

Eorcelain,  since  the  operation  may  be  watched  and  the  intense 
eat  that  can  be  obtamed  with  the  charcoal  furnace  renders  it 
possible  to  use  sodium  carbonate  for  making  the  fusion,  thus 
avoiding  the  use  of  the  very  hygroscopic  potassium  carbonate. 
The  furnace  mav  also  be  found  convenient  for  other  experi- 
ments where  an  mtense  heat  is  required. 

This  investigation  was  undertaken  for  the  purpose  of  finding 
some  simple  means  for  the  direct  determination  of  water  in 
refractory  minerals,  and  the  results  that  have  been  given  indi- 
cate that  the  methods  are  accurate.  The  closed  tube  method 
is  almost  as  simple  as  the  determination  by  loss  on  ignition, 
and  a  direct  weighing  of  the  water  is  always  a  satisfaction, 
since  otherwise  there  is  a  possibility  that  some  volatile  con- 
stituent may  go  oflE  and  render  the  result  inaccurate.  For 
example  the  sample  of  talc  that  was  used  in  the  previous  ex- 
periments, and  found  to  contain  4*42  per  cent  of  water,  lost 
4'87  per  cent  by  direct  ignition  the  high  result  being  due  to 
the  presence  of  a  little  fluorine  and  the  liberation  of  acid 
water  probably  carrying  some  silica. 

Laboratory  of  Miaeralogy  and  Petrography, 
Sheffield  Scieotifio  Scbool,  New  Haven,  C!onn.,  April,  1894. 

*Tschennak's  Min.  Mitth.,  1875,  p.  214. 

fSitzb.  der  K.  Akad.  der  Wiss.,  Wien,  Ixxvi,  p.  51,  1877. 
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Art.  VII.— 7%^  Detection  of  Alkaline  Perc/Uorates  asm- 
dated  with  Chlorides^  Chlorates^  and  Nitrates  ;  by  F.  A. 
Gooch  and  D.  Albert  Kreider. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXXIL] 

Though  perchloric  acid  in  the  free  state  is  an  exceedingly 
active  body,  its  combinations  with  alkaline  metals  are,  as  is 
well  known,  so  characterized  by  inertness  toward  ordinary  re- 
agents that  in  order  to  effect  its  detection  it  has  been  cus- 
tomary to  place  dependance  either  upon  the  insolubility  of  the 
potassium  salt  in  alcohol,  or  upon  tests  for  the  corresponding 
chloride  derived  by  ignition. 

In  experimenting  at  high  temperatures  upon  mixtures  of 
potassium  perchlorate  with  salts  of  the  halogens  we  have  fonnd 
it  possible  to  effect  the  liberation  of  the  halogen  to  a  greater  or 
less  degree  by  the  oxygen  of  the  perchlorate,  but  the  amount 
thus  evolved  has  never  been  sufficiently  complete  or  regular  to 
warrant  the  application  of  the  reaction  to  the  quantitative 
determination  of  the  perchlorate.  In  two  parallel  experiments, 
for  example,  a  mixture  of  the  double  chloride  of  aluminum 
and  sodium  with  0*05  grm.  of  potassium  perchlorate  evolved 
in  fusion  in  a  tubulated  flask  (which  was  fitted  by  a  ground 
joint  to  an  inlet  tube  carrying  a  constant  current  of  carbon 
dioxide  and  connected  with  Will  and  Varrentrapp  absorption 
bulbs  filled  with  a  solution  of  potassium  iodide),  an  amount  of 
chlorine  corresponding  to  0*0482  grm.  and  0-0460  grm.  of  the 
perchlorate.  A  similar  experiment  conducted  in  an  atmo- 
sphere of  hydrochloric  acid  gas  and  carbon  dioxide  in  mixture 
yielded  chlorine  amounting  to  0*0477  grm.  of  the  perchlorate. 
Fusion  of  the  perchlorate  with  cadmium  iodide  resulted  in  the 
liberation  of  much  oxygen  accompanying  the  iodine,  and  a 
mixture  of  zinc  chloride  with  potassium  iodide  (melting  at 
about  200°  C),  yielded  a  large  evolution  of  oxygen  which  was 
somewhat  diminished  but  not  wholly  prevented  when  manga- 
nese chloride  was  included  in  the  mixture.  A  series  of  14 
experiments  in  whicli  mixtures  of  the  perchlorate  with  potas- 
sium iodide  were  treated  with  meta-phosphoric  acid  (made  bv 
heating  the  syrupy  ortho-acid  to  3^0°  ( ■.)  in  an  atmosphere  of 
carbon  dioxide  showed  deficits  in  the  amounts  of  iodine 
evolved  amounting  to  1*7  per  cent  on  the  average  between 
extremes  of  3-(l  per  cent  in  excess  and  7*7  per  cent  in  de- 
ficiency, and  these  particular  experiments  doubtless  point  to  a 
more  complete  utilization  of  the  oxygen  of  the  perchlorate 
than  was  actually  attained  owing  to  the  inevitable  partial  de- 
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osition  of  hydriodic  acid  at  the  temperature  necessary  to 

the  decomposition  of  the  perchlorate. 
3  have,  however,  sacceeded  in  developing  a  simple  and 
ite  method  of  detecting  perchlorates,  and  one  which  may 
^plied  without  great  sacrifice  in  delicacy  to  mixtures  of 
yerchlorates  with  chlorides,  chlorates  and  nitrates.  It  is 
nt  that  for  a  rapid  qualitative  test  conditions  should  be 
osen  that  the  effect  oi  atmospheric  air  shall  not  interfere 

the  certainty  of  the  indication.  Of  the  various  salts 
1  we  have  employed  we  choose  by  preference  fused  zinc 
ide,  chiefly  because,  while  suflSciently  energetic  in  its 
)  upon  the  perchlorate,  it  does  not,  like  manganese 
ide  or  the  double  chloride  of  aluminum  and  sodium, 
e  chlorine  under  the  influence  of  ordinary  air  at  the  high 
erature  of  the  reaction. 

the  experiments  recorded  in  Table  I  varying  portions  of 
ution  of  potassium  perchlorate  were  evaporated  to  dry- 
in  a  test  tube  and  fused  with  anhydrous  zinc  chloride.  A 
made  by  cutting  oflE  an  ordinary  two-bulbed  straight  dry- 
ube  was  hung  with  the  larger  end  downward  in  the  test 

after  moistening  the  interior  of  the  bulbs  with  a  solution 
►tassium  iodide.  The  chlorine  evolved  during  the  heat- 
'as  registered  by  the  iodine  set  free  from  the  iodide  and 
quently  washed  with  a  little  water  from  the  trap  and 
I  with  starch  emulsion. 


Table  I. 

KCIO4  taken. 

ludication  by 
the  starch  test. 

0-00100 
O-OOOoO 

grm. 
it 

Strong. 

0-00020 

i( 

ii 

0-00010 

« 

(( 

000010 

a 

(( 

0-00005 

(( 

Distinct. 

0-00005 

(( 

(( 

0-00003 

<c 

Trace. 

0-00003 

« 

None. 

0-00001 

C( 

i( 

0-00000 

u 

a 

e  test  for  0*00005  grm.  of  potassium  perchlorate  is  sure 

listinct ;  and  it  is,  of  course,  evident  that  the  presence  of 

3ride  in  the  original  test  can  in  no  way  interfere  with  the 

inty  of  the  indication.     All  substances,  however,  which 

chlorine  by  decomposition  or  by  the  action  of  the  air 

be  removed  or  destroyed  before  the  application  of  the 

We   find   by   experiment   that  0-1  grin,   of   potassium 

ate  is  completely  broken  up  by  treatment  with  5  cm'  of 
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the  strongest  hydrochloric  acid  and  evaporation  to  dryness. 
Nitric  acid  does  not  yield  so  readily  to  the  decomposing  action 
of  hydrochloric  acid  and  may  be  detected  in  the  residae  aft^r 
four  similar  treatments.  To  destroy  nitrates,  therefore,  we 
followed  the  general  plan  of  decomposition  employed  in  a 
quantitative  method  for  the  determination  of  nitrates  previ- 
ously elaborated  in  this  laboratory*  and  treated  the  dry  sub- 
stance to  be  tested  with  2  cm'  of  a  saturated  solution  of  man- 
ganous  chloride  in  the  strongest  hydrochloric  acid.  The 
liquid  was  evaporated  to  dryness,  and  the  residue  was  again 
treated  similarly  with  one  or  two  cubic  centimeters  of  strong 
hydrochloric  acid.  This  method  of  decomposing  the  nitrate  is 
peculiarly  advantageous  since  the  decomposing  agent  is  itself 
an  excellent  indicator  of  the  completeness  of  the  work  of  re- 
moval. Two  or  three  treatments  serve  to  remove  the  nitrate 
entirely  ;  but  before  proceeding  with  the  test  it  is  necessary  to 
remove  the  manganese  which  has  been  introduced,  inasmuch 
as  manganese  chloride  will  of  itself  evolve  chlorine,  by  ex- 
change for  oxygen,  when  heated  in  air.  Sodium  carbonate  in 
solution  answers  the  purpose  of  removing  the  manganese 
(together  with  other  interfering  substances)  and  the  filtrate 
from  the  precipitated  manganous  carbonate  leaves  on  evapora- 
tion a  residue,  which,  when  treated  with  the  anhydrous  zinc 
chloride,  gives  indications  for  the  perchlorate  if  it  is  present 
in  appreciable  amount.  The  results  of  a  series  of  tests  for 
potassium  perchlorate  associated  with  the  chlorate  and  nitrate 
of  the  same  element  and  recorded  in  the  following  table. 


Table 

11. 

Treatment  for  the 

Indication  of 

KCIO4  taken. 

KCIO3  taken. 

K^O,  taken. 

removal  of  chlo- 

the 

grm. 

grm. 

grm. 

rate  and 

nitrate. 

perchlorate. 

0-0005 

«  *  •  • 

»  —   *  » 

By  IICl 

Strong. 

0-0003 

^        ^         V        ■■ 

*  «  «  M 

(< 

C( 

0-0002 

m     ^     m     m 



i( 

Good. 

0-0001 





(( 

<( 

0-0001 

.... 

i( 

Trace. 

0-0005 

O-i 

o-i 

By  HCl  +  MnCl, 

Strons:. 

0-0003 

0-1 

0-1 

Good. 

0-0003 

01 

0-1 

Good. 

0-0002 

0-1 

0-1 

Trace. 

0-0001 

0-1 

o-i 

Trace. 

0-0000 

0-1 

0-1 

None. 

It  is  plain  that  O'OOOl  grm.  of  potassium  perchlorate  maybe 
found  with  certainty  when  associated  witli  0*1  grm.  of  the 
nitrate  or  chlorate  or  both. 

*Gooch  and  Griiener,  this  Journal,  xliv,  117. 
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V.RT.  VIII. — The  Upper  Vicksburg  Eocene  and  the  ChaMa- 
hoochee  Miocene  of  /Southwest  Georgia  and  adjacent  Florida  / 
by  Aug.  F.  Foebste. 

Fhe  boundary  Line  between  the  Vicksburg  Eocene  and  Chatta- 
hoochee Miocene  in  S.  W.  Georgia. 

The  chief  topographical  feature  of  southwestern  Georgia 
s  the  line  of  demarcation  between  the  Eocene  lowlands  and 
he  margin  of  the  Miocene  red  clay  plateau.*  This  line  enters 
he  State  about  5  miles  north  oi  its  southwest  angle,  follows 
he  blufb  along  the  southern  side  of  the  Flint  River  for  about 
.2  miles,  continues  in  its  direction  across  the  country  as  far 
IS  Roseland  Plantation,  4  miles  south  of  Baiubridge,  passes 
mmediately  to  the  north  of  Gasteropod  Gully,  Glenn's  Well, 
ind  Powell's  Limesink,  the  last  locality  being  about  10 
niles  east  of  Bainbridge  on  the  Thomasville  road,  .and  then 
urns  more  strongly  toward  the  northeast,  so  as  to  leave  the 
imesink  and  the  Sarrows  plantation  coral  locality  on  the  right. 
?Tom  its  western  extremity  to  Koseland  Plantation  this  line  is 
inite  direct ;  it  may  be  easily  followed  as  far  as  Powell's  lime- 
ink  ;  beyond  that  point  it  seems  to  become  more  crooked  and 
las  so  far  not  been  accurately  determined. 

Method  of  Exposure  of  the  Vicksburg, 

On  the  northern  margin  of  the  red  clay  plateau  the  Vicks- 
mrg  is  found  in  limesinks,  underlying  the  Chattahoochee,  or 
l^ower  Miocene.  In  the  lowlands  extending  from  the  plateau 
o  the  Flint  River  it  occurs  in  the  bottom  of  wells.  Away 
rom  the  river,  very  few  surface  exposures,  which  are  evidently 
n  situ^  occur.  Along  the  Flint  River  large  blocks  of  siliceous 
ricksburg  rock  are  fairly  abundant  but  it  is  evident  that  the 
i^ater  part  are  only  residual  remains  of  the  Vicksburg ;  the 
ofter  limestones  and  marls  have  disappeared  or  gone  over  into 
•ed  clays,  and  in  most  places  only  the  broken  fragments  of  the 
ilicified  beds  remain,  let  down  as  huge  bowlders  and  slabs  to 
he  present  limit  of  degradation, — the  lower  levels  of  the  river 
)anK8. 

At  first  it  seemed  impossible  to  use  these  blocks  for  strati- 
rraphical  purposes.  However,  during  a  trip  down  the  Flint 
Xiver,  with  Prof.  Raphael  Pumpelly,  the  localities  where  the 
)owlder8  occur  were  carefully  platted  on  a  sketch  map  of  the 
iver,  and  it  became  evident  that  these  bowlders  were  distrib- 

♦  That  part  of  the  plateau  region  lying  south  of  Bainbridge  is  more  fully  de- 
cribed  by  Prof.  Raphael  Pumpelly,  in  this  Journal,  Dec,  1893,  page  445. 
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ated  alon^  lines  rnnning  a  little  north  of  east.  These  lines 
occurred  at  such  distances  apart  as  to  suggest  that  they  repre- 
sented so  many  distinct  silicified  layers  in  the  original  Yicks- 
burg  section  of  this  part  of  Georgia.  It  also  seemed  evident 
that  even  if  not  precisely  i7i  situ  tne  lowering  of  these  bowlders 
from  their  original  position  must  have  been  of  such  moderate 
extent  and  must  have  taken  place  so  gradually  as  not  to  con- 
fuse their  position  in  the  stratigraphic  scale,  otherwise  the 
decidedly  east  and  west  character  of  these  lines  would  have 
been  marred,  and  there  would  have  been  a  more  evident  com- 
mingling of  rocks  of  different  lithological  character.  Since 
these  lines  of  bowlders  furnish  information  as  to  the  strike  of 
rocks  and  promise  to  be  of  considerable  value  in  working  out 
the  stratigraphy  of  the  Vicksbarff  Eocene  of  this  region  the 
sketch  map  is  here  reproduced.  It  evidently  offers  materials 
for  a  section  in  which  the  soft  white  limestones  are  omitted 
and  in  which  only  the  harder  silicitied  courses  appear. 


Description  of  the  Flint  Miver  section,      Vickshttrg. 

(a)  The  base  of  the  section  so  far  examined  is  offered  by  a 
locality  six  miles  north  of  Bainbridge,  on  the  west  side  of  the 
river,  near  a  country  graveyard  east  of  the  road  in  the  woods. 
Here  massive  ledges  of  siliceous  rock  of  unusual  thickness 
occur,  the  section  being  at  least  15  feet  thick,  the  usual  thick- 
ness of  siliceous  layers  elsewhere  being  but  2  to  4  feet.  This 
layer  apparently  occurs  also  on  the  east  side  of  the  river  at 
various  localities ;  in  one  case,  one  and  a  half  miles  east  of  the 
river,  between  the  river  road  and  the  western  Camilla  road, 
near  some  plantation  houses  about  7  miles  from  Bainbridge ; 
also  still  farther  east,  on  the  eastern  or  old  Camilla  road  lead- 
ing to  the  limesink,  about  8  miles  from  Bainbridge.  This 
horizon  furnishes  many  fossils  though  chiefly  in  the  form  of 
casts,  and  almost  all  identical  with  forms  found  at  Bainbridge 
and  at  Kussell  Springs.  Owing  to  its  massiveness  this  layer  is 
more  apt  to  occur  as  surface  exposures  and  could  probably  be 
traced  much  farther  east  and  west  than  has  been  done,  thus 
offering  an  important  datum  line  in  the  Vicksburg. 

(J)  Above  tnis  occurs  the  Bainbridge  marl,  exposed  along 
the  southern  side  of  the  river,  at  water  level,  east  and  west  of  the 
steamboat  landing  at  Bainbridge.  It  is  very  calcareous,  and  con- 
tains many  fossils,  imbedded  in  a  matrix  composed  of  innumer- 
able quantities  of  foraminif era,  chiefly  Orbitoides  in  all  the  vari- 
ous stages  of  development,  the  tiner  cementing  material  having 
in  most  cases  disappeared  to  such  an  extent,  owing  to  percolating 
waters,  that  it  is  possible  to  secure  many  shells  and  sea-urchins 
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free  from  the  surrounding  rock.*  This  bed  is  the  best  collect- 
ing ground  for  Vieksburg  fossils  so  far  found  in  southwest 
Georgia ;  the  variety  and  state  of  preservation  of  the  fossils  is 
excellent,  and  the  bed  has  also  decided  value  for  purposes  of 
correlation  since  nothing  similar  has  so  far  been  found  else- 
where in  the  Vieksburg  in  southwest  Georgia.  It  is  with  this 
layer  that  the  bed  dug  up  in  the  ditch  near  the  Natural  bridge 
on  the  Chipola  River  north  of  Marianna  in  Florida,  is  corre- 
lated. Immediately  above  the  Bainbridge  marl  occur  one 
or  two  silicified  layers,  represented  at  the  Natural  Bridge  north 
of  Marianna  by  the  more  massive  silicitied  layer  forming  the 
top  and  the  walls  of  the  natural  cave,  a  short  distance  east  of 
the  bridge^  locality  5. 

(c)  The  next  silicified  layer  occurs  at  localities  1  and  2.  The 
first  presents  many  sponges,  Orbitoides,  simple  corals,  Hin- 
nites,  Pectunculus,  including  also  a  small,  radiately  strongly 
ribbed  species  of  this  genus,  Cytherea,  Cerithium  Mariannensis, 
Melongena,  and  Mitra.  At  the  second,  Pectunculus,  Pecten 
and  Cytherea  were  found.  It  is  possible  that  this  layer  is  also 
represented  by  the  massive  silicified  limestone  at  the  cave  near 
the  Natural  Bridge  north  of  Marianna.  At  2J  silicitied  rock 
occurs,  containing  many  sponges,  some  massive  corals,  Pecten, 
and  Cassidaria  (Sconsia).  Whether  this  forms  a  distinct  layer 
or  not,  is  imdetermined. 

{d)  The  next  silicified  layer  is  represented  by  localities,  3 
and  4.  The  first  of  these  is  near  Russell  Springs,  a  picturesqae 
limcsink,  surrounded  by  steep  banks,  filled  with  water,  in  which 
cypress  trees  grow  abundantly.  Numerous  fossils  were  found 
here,  the  species  being  usually  the  same  as  those  seen  alon^ 
the  river  at  Bainbridge,  either  in  the  marl  or  in  the  silicitiea 
layers  immediately  above.  At  4  there  were  many  sponges, 
simple  corals,  Pecten,  Hinnites,  Pectunculus  and  Ampullina. 
This  bed  is  probably  represented  at  Marianna  by  the  silicitied 
beds  above  the  level  of  water  at  the  bridge  across  the  Chipola 
River  east  of  the  town,  locality  2. 

(e)  The  next  silicified  layer  is  exhibited  at  localities  5  and  6. 
At  5,  numerous  small  bowlders  are  carted  together  at  the  top 
of  the  bank  :  they  contain  Orbitoides.  Lunulites,  a  Pecten 
with  7  or  8  broad  ribs,  numerous  specimens  of  Turrifella^  the 
precursor  of  T,  variahilfH  Conrad.  This  species  occurs  in  the 
Vieksburg,  Chattahoochee,  Chipola,  and  Chesapeake  of  S.W. 
Georgia,  aud  western  Florida.  It  may  be  characterized  as  hav- 
ing a  spiral  rib  a  little  posterior  to  tlie  anterior  suture,  another 
rib  a  little  posterior  to  the  median  line,  a  deep  groove  or  con- 

*  Loc.  cit..  p.  44'),  with  Efhinot'iintnus  parvus,  ScxifeUa  Lijelit\  Pfctrn  Poul- 
8oni,  and  unknown  species  of  Arnusiiim.  Pectunculus,  and  Cerithium  as  frequent 
fossils. 
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etriction  between  these  ribs,  and  a  slope  from  the  last  named 
rib  to  the  posterior  satore.  By  addition  of  other  spirals  both 
ribs  assume  later  the  form  of  elevated  bands  defined  by  two 
spirals  each.  By  the  adding  of  stride  in  the  groove  and  on  the 
posterior  slope  the  later  formed  whorls  may  become  heavily 
ornamented.  The  Eocene  form  of  this  shell  occurs  at  5,  two 
miles  east  of  Marianna  at  the  quarry,  4,  and  six  miles  north  of 
Bainbridge  on  the  west  side  of  the  Flint  River,  at  the  grave- 
yard locality.  At  locality  5  at  the  river's  edge  is  sihcified 
rock  more  evidently  in  place  and  resembling  that  at  locality  6. 
At  6,  the  silicifiea  layer  is  well  exposed  and  contains  Orbi- 
toides,  sponges,  massive  and  also  simple  corals,  Ostrea,  Pecten, 
a  rock-boring  lamellibranch,  Strombus,  and  two  species  of 
Cerithium.  A  little  farther  up  the  river  the  soft  white  lime- 
stone which  once  filled  in  at  least  a  part  of  the  intervals  be- 
tween the  various  silicified  layers,  is  still  visible  ;  it  occupies  a 
slightly  lower  level  and  contains  Orbitoides. 

(y*)  At  7  occurred  a  silicified  bed  containing  chiefly  sponges, 
but  also  many  massive  corals,  a  concentrically  striated  Modiola 
85""  long,  Cytherea,  Ampullina,  and  the  two  species  of  Ce- 
rithiam  above  mentioned.  The  layer  bears  evidently  close 
faunal  and  lithological  relations  to  layer  e,  but  this  does  not 
necessarily  imply  the  identity  of  the  layers.  At  8  a  single 
large  bowlder  contains  chiefly  sponges,  but  also  a  stray  Cytherea, 
and  a  large  massive  coral. 

iff)  The  next  layer  is  exposed  at  9  and  10  and  on  Lambert's 
island.  It  is  strongly  characterized  by  being  the  only  rock 
along  the  Flint  River  section  here  given,  which  look  more  like 
a  sandstone  than  an  ordinary  silicified  layer.  At  9  it  is  more 
like  sandstone  and  only  a  few  small  stray  bowlders  contained 
fossils,  Pectunculus  and  Pectens.  At  10  the  more  silicified 
material  is  full  of  Pectunculus  and  Pecten,  and  a  stray  astrsei- 
form  coral  was  seen.  At  11  and  16  the  soft  white  limestone, 
which  formed  such  a  large  part  of  the  upper  Eocene  section, 
but  which  is  usually  worn  away  between  the  silicified  layers 
along  the  river  banks,  is  exposed.  At  11  it  contains  Orbi- 
toides and  at  16  are  found  Orbitoides  and  a  few  Pectens. 

(A)  The  highest  silicified  layer  in  the  Vicksburg  section  is 
that  found  at  12,  13,  15,  and  17.  The  deviation  from  parallel- 
ism between  this  line  and  the  Chattahoochee  outcrops  is  prob- 
ably due  to  the  difiSculties  in  platting  a  river  from  a  skiff.  At 
12  sponges  are  common  and  Pectens  seem  frequent.  At  13, 
many  Orbitoides  and  a  sea-urchin  occur.  At  15,  were  found 
many  concretionary  looking  sponges  and  a  few  Pectens.  At 
17  were  abnndant  Orbitoides  and  stray  Peccens. 
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Thickness  of  the  Flint  River  section. 

The  data  for  an  exact  determination  of  the  dip  the  Eocene 
southwards  are  not  yet  secured.  Prof.  Kaphael  Pumpelly 
determined  the  level  of  the  base  of  the  Chattalioochee  to  be 
102  feet  above  the  sea  at  Glenn's  Well,  and  155  feet  above  the 
sea  in  Powell's  limesink.  The  first  of  these  localities  is  5 
miles  from  the  river  almost  directly  east  of  Kussell  Springs, 
and  4  miles  south  of  Bainbridgeon  the  Coon-bottom  road.  The 
base  of  the  Chattahoochee  outcrops  again  along  the  Flint  River 
at  the  localities  14^,  17^,  18,  and  19,  but  little  above  the  water's 
edge.  The  river  localities  are  about  6  miles  south  of  the  line 
of  strike  of  the  Chattahoochee  at  Glenn's  Well.  The  precise 
level  of  the  river  where  the  Chattahoochee  outcrops  is  not 
known,  but  a  dip  of  13  feet  to  the  mile  is  considered  at  the 
present  state  of  our  knowledge  to  be  amply  suflSicient  to 
account  for  the  facts.*  At  this  rate  the  thickness  of  the 
Vicksburg  section,  from  the  Bainbridge  marl  to  the  Chatta- 
hoochee overlying  it,  w^ould  be  150  feet ;  the  massive  siliceous 
bed  along  the  Flint  River  6  miles  north  of  Bainbridge  would 
be  70  feet  below  the  Bainbridge  marl,  making  a  total  section 
of  220  feet,  with  the  possibility  that  these  thicknesses  are 
overestimated.  The  figures  on  the  accompanying  sketch  map 
will  sufficiently  indicate  the  intervals  between  the  different 
silicified  layers. 

Chief  characteristics  of  the  Flint  River  section. 

The  chief  characteristics  of  the  Flint  River  section  are :  1,  the 
comparatively  great  thickness  of  the  silicified  beds  0  miles  north 
of  Bainbridge  ;  2,  the  Bainbridge  marl  with  its  abundant  echi- 
noids  and  other  fossils  loosely  enclosed  in  a  cement  of  which 
Orbitoides  forms  the  main  element ;  3,  the  long  interval  be- 
tween layei's  d  and  e ;  4,  the  more  sandy  character  of  the 
layer  g  at  Lambert's  Island;  5,  the  great  amount  of  soft  white 
limestone  in  the  upper  part  of  the  section,  interrupted  only  by 
the  siliceous  layer  //. 

Correlation  of  the  Marianmi  section   with  layers  b  to  e  of  the 

Flint  River  section. 

In  a  corner  of  the  sketch  map  the  Marianna  section  has 
been  introduced.  It  shows  the  road  leavins:  Marianna  on 
the  east,  crossing  the  Chipola  River,  and  then  turning 
northwards,  for  several  miles,  after  which  a  road  through 
fields  finds  its  irregular  path  to  the  Natural  Bridge.  It  is 
better  to  secure  a  native  as  a  guide  here.     The  section  was 

*  Loc.  cit.,  page  445. 
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visited  on  a  trip  with  Prof.  Pnrapelly  and  Mr.  Alfred  Brooks. 
At  the  Natural  Bridge,  about  3  miles  north  of  Marianna,  the 
Chipola  Eiver  disappears  under  the  ground,  reappearing 
fartner  on.  At  present  a  ditch  or  canal  (6)  diverts  a  part  of 
the  water  at  this  point,  securing  a  partial  surface  flow.  Dur- 
ing the  cutting  of  the  ditch  numerous  echinoids  and  other 
fossils  characteristic  of  the  Bainbridge  marl  bed,  in  a  similar  state 
of  preservation,  and  enclosed  by  a  similar  cement  of  Orbitoides 
shells  as  at  Bainbridge,  were  unearthed.  East  of  this  ditch,  per- 
haps a  quarter  of  a  mile  distant,  is  a  cave  (5),  the  upper  walls 
of  which  are  composed  of  a  hard  siliceous  rock,  containing 
abundant  Orbitoides.  There  is  so  much  rock  exposed  at  this 
cave  that  it  probably  represents  not  only  the  siliceous  layers 
found  above  the  marl  at  Bainbridge,  but  also  the  siliceous 
bed  c  (localities  1  and  2),  and  the  siliceous  bed  at  locality  2^ 
along  the  Flint  Kiver.  At  the  edge  of  the  river,  where  the 
road  running  east  from  Marianna  crosses  the  Chipola  (2),  there 
is  considerable  siliceous  rock  which  from  its  distance  south  of 
the  marl  bed  should  be  correlated  with  layer  d^  the  Russell 
Springs  layer  of  the  Flint  River  section.  Above  this  layer  is 
a  whitish,  porous,  soft,  pulverulent,  silico-calcareous  rock,  20 
feet  or  more  in  thickness  (1,  near  2,  3,  4).  This  should  corre- 
spond to  the  rock  once  filling  the  interval  between  layers  d 
and  e  of  the  Flint  River  section  though  nothing  similar  has 
been  noted  there.  It  is  well  exposed  between  Marianna  and 
the  bridge  crossing  the  Chipola  (1,  near  2),  where  a  very  thin 
form  of  Orbitoides,  and  a  Pecten  are  very  common  ;  again, 
about  one  and  an  eighth  miles  east  of  Marianna,  in  a  quarry 
south  of  the  road  (3)  where  in  addition  to  a  few  of  the  fossils 
just  named,  a  small  shark's  tooth  with  very  broad  base,  and 
very  short  triangular  tip  was  found  ;  finally  about  2  miles  from 
Marianna,  on  either  side  of  the  road  but  especially  in  an  old 

Juarry  east  of  the  road  (4)  where — in  addition  to  the  thin 
Orbitoides  and  the  Pecten — spo^ies  of  Lunulites,  Cardium,  Ce- 
rithium,  Turritella,  and  other  fossils  were  found.  The  same 
white  pulverulent  rock  is  found  southeast  of  Marianna,  along 
the  north  side  of  the  railroad,  containing  the  thin  Orbitoides,  but 
here  a  few  siliceous  beds  are  intercalated  in  the  pulverulent  rock 
series.  At  first  sight  this  rock  presents  lithologically  an  appear- 
ance similar  to  many  middle  Chattahoochee  exposures,  such  as 
those  along  the  railroad  east  of  Chattahoochee,  or  the  expo- 
sures east  of  the  landing  of  the  same  name,  but  the  base  of  the 
Chattahoochee  no  doubt  does  not  crop  out  for  several  miles 
down  the  Chipola  River. 
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Strike  of  the  Vickaburg  indicated  by  the  Bainbridge  bed  arpostires. 

The  Bainbridge  marl  exposure  at  the  Natural  Bridge,  3 
miles  north  of  Marianna  in  Florida,  lies  about  40  miles  west 
of  Bainbridge  in  Georgia,  or  to  be  more  precise,  about  S.  78  W. 
and  this  is  so  far  the  nearest  approximation  to  an  estimate  of  a 
strike  for  any  great  distance  in  southwest  Georgia  and  adjacent 
Florida.  Judging  from  this  line  of  strike  the  Bainbridge 
marl  should  be  exposed  somewhere  in  the  vicinity  of  Miriam's 
Landing  on  the  Chattahoochee  River.  The  line  of  outcrop  of 
the  Chattahoochee  curves  strongly  northwards  east  of  Btin- 
bridge,  but  until  the  observations  over  that  part  of  the  area 
are  accurate  enough  to  determine  the  dip,  and  the  elevation  of 
localities  above  the  sea,  and  from  these  data  to  calculate  the 
real  strike,  it  is  only  possible  to  say  that  strike  of  the  Chatta- 
hoochee is  probably  verv  soon  changed  to  strongly  towards  the 
northeast  on  passing  Bambridge,  since  the  nearest  point  where 
the  position  of  this  horizon  can  again  be  approximately  deter- 
mined is  near  House  Creek  on  the  Ocmulgee. 


Correlation  of  various  exposures  in  Decatur  County^  Oeorgia^ 
with  the  soft  white  limestone  at  the  top  of  the  Vtcksburg^  ahou 
layer  g  of  the  Flint  River  section^  and  the  base  of  the  Chatta- 
hoochee, 

1.  The  limesinh  on  the  Camilla  road, — Fifteen  and  a  half 
miles  northeast  of  Bainbridge,  on  the  old  Bainbridge-Camilla 
road,  and  west  of  the  Whigham-Camilla  road,  is  a  very 
fine  limesink,  well  known  in  the  adjoining  counties.  On 
a  trip  with  Mr.  Alfred  Brooks  a  short  examination  of 
the  same  was  made.  The  depth  of  the  sink  was  estimated 
at,  at  least,  45  feet.  A  rapid  stream  about  6  feet  broad 
enters  the  sink  on  one  side,  where  the  walls  are  vertical,  and  at 
the  base  disappears  again  under  a  recess  beneath  the  cliff. 
Elsewhere  the  walls  of  the  limesink  are  very  steep  but  can 
be  descended.  At  the  bottom  the  well  known  Orbitoides, 
Pectens,  and  other  remains  of  the  Vicksburg  Eocene  were  dis- 
covered. The  general  mass  of  the  rock  is  whitish  and  soft, 
turning  to  more  drab  and  becoming  more  hard  at  certain  levels, 
especially  towards  the  top.  The  rock  over  which  the  stream 
flows  before  plunging  into  the  limesink  is  lithologically  dis- 
similar, light  brown,  soft,  porous,  argillaceous  with  fossils  only 
as  casts.  Although  fossils  were  not  rare,  most  of  them  were 
poorly  preserved,  and  wOiile  their  general  aspect  was  that  of 
Chattahoochee  fossils  it  would  require  more  extended  study  to 
assert  their  position,  since  many  of  the  forms  appeared  new  to  us, 
we  having  collected  so  far  only  in  the  more  southern  exposures 
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of  thiB  group.  The  finding  of  OrhitolUes  Floridana  however 
strengthened  ns  in  onr  belief  that  this  was  the  Chattahoochee. 
Three  miles  north  of  the  limesink  is  a  natural  curiosity  known 
as  the  Blowing  Cave.  One  mile  east  of  the  same,  18J  miles 
northeast  of  Sainbridge,  and  7J  miles  north  of  Whigham  on 
the  Whigham-Camilla  road,  is  Barrow's  plantation  house.* 
Here  Prof.  Eaphael  Pumpelly  found  abundant  masses  of  coral, 
identical  in  species  with  those  to  be  mentioned  later  as  occur- 
ring in  the  basal  Chattahoochee,  along  the  Flint  River.  Their 
occurrence  here  strengthens  the  view  that  the  upper  layer  at 
the  limesink  is  also  Chattahoochee.  The  coral  layer  is  known 
to  be  present  only  at  a  few  localities  in  the  basal  Chattahoochee 
in  S. W.  Georgia. 

2.  PoweWs  limesinJc^  7  miles  east  of  Bainbridge,  on  the 
Thomasville  road,  and  about  4  miles  northeast  of  Climax  has 
steeply  inclined  earth  covered  walls,  at  the  base  of  which  the 
Chattahoochee  limestone  is  exposed.  This  is  white  or  grayish 
white  in  color,  and  rather  soft  in  texture,  excepting  in  certain 
layers,  especially  at  the  very  base  of  the  Chattanoochee,  where 
the  rock  is  compact  and  hard  and  contains  a  few  fossils  similar 
to  those  at  Glenn's  Well  and  at  Wiley's  Bluff.  The  Vicksburg 
rock  immediately  below  is  very  soft,  and  white,  and  forms  a 

!art  of  an  almost  vertical  descent  into  a  sort  of  well  or  shaft. 
'owards  the  top  it  contains  characteristic  Vicksburg  echi- 
noids  and  Pectens,  such  as  are  found  at  Bainbridge.  At 
the  base  of  this  shaft  were  found  the  concretionary  sponges, 
Orbitoides,  and  Pecten.  Towards  one  side  of  the  shaft 
an  opening  led  down  gradually  into  a  sort  of  low  long 
cave,  followed  by  a  stream  of  water.  Here  a  hard  rock 
corresponding  perhaps  to  layer  h  of  the  Flint  River  section 
was  noticed,  below  which  was  more  soft  white  rock,  with 
Orbitoides,  Pecten,  a  long  lamellibranch  shell  digging  tubes 
6  inches  long  into  the  rock,  the  bases  and  lower  sides  of  these 
tubes  being  usually  occupied  by  a  thin  layer  of  some  astrsei- 
form  coral,  Cyprsea,  and  Cerithium  Mariannensis.  Towards 
the  lower  point  visited  the  rock  became  harder  and  light 
brown  in  color. 

3.  At  GlennUe  Well^  4  miles  south  of  Bainbridge  on  the 
Coon  Bottom  road,  there  is  only  a  thin  layer  of  the  Chatta- 
hoochee, the  fossiliferous  part  of  which  is  a  white,  siliceous, 
very  friable  rock.  Only  the  very  top  of  the  Eocene  is  shown. 
It  is  hard,  partly  silicified,  brown  in  color,  and  contains  Orbi- 
toidesy  Cerithium  Mariannensis,  a  stray  sea-urchin,  and  other 
fossils. 

♦  W.  H.  Dall,  Correlation  Papers     Neocene,  under  Georgia.    Loc.  cit.,  page 
447. 
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4.  Siceigerfs  Well,  2  miles  north  of  the  Thomasyille  road, 
and  3  miles  northwest  of  Powell's  limesink,  shows  the  same 
brownish  more  silicified  phase,  and  contains  the  so-called  con- 
cretionary sponges,  Orbitoides,  Pecten,  Lucina,  Xenophora, 
and  Cerithinm  Mariannensis. 

The  Coral  layer  at  the  ba^e  of  the  Chattahoochee.^ 

On  our  trip  down  the  Flint  Kiver,  Prof.  Pumpelly  discovered 
at  locality  14,  on  the  bank,  at  the  mouth  of  a  small  creek,  a  great 
heap  of  bowlder,  containing,  among  other  things,  large  massive 
corals.  On  a  subsequent  trip  with  Mr.  Alfred  BrooKB  1  traced 
these  bowlders  to  locality  14,  where  the  stream  catting  down 
the  north  slope  of  a  long  high  ridge,  exposes  the  Chatta- 
hoochee at  the  base.  In  the  soft  whitish  rock  near  the  base  of 
the  hill  the  massive  corals  occur  scattered  around  very  irregu- 
larly through  the  white  limestone.  When  in  eitUj  they  do 
not  command  special  attention  on  account  of  their  numbers, 
but  in  the  beds  of  the  stream  they  have  accumulated  to  such 
an  extent,  owing  to  their  greater  resistance  to  disintegration, 
that  they  at  once  attract  the  observer's  eye.  The  rock  below 
with  similar  lithological  features,  that  is,  soft  and  very  white, 
with  few  fossils  except  the  concretionary  springs,  is  the  Vicka- 
burg. 

On  the  trip  with  Mr.  Alfred  Brooks,  abundant  massive 
coral  blocks  were  found  in  the  river  bed  at  locality  17^.  On 
the  trip  with  Prof.  Pumpelly,  the  massive  corals  were  found 
along  a  wood  road  leading  southwest  from  Wiley's  Landing. 
They  were  not  numerous  but  at  some  localities  more  were 
found  than  at  others.  Their  occurrence  was  beneath  the  brec- 
ciated  limestone  considered  the  base  of  the  Chattahoochee. 
Taken  together,  these  localities  would  indicate  a  sort  of  mild 
coral  bank  extending  about  east  and  west  along  the  northern 
face  of  the  present  Chattahoochee  outcrop  along  the  Flint 
River.  The  coral  locality  on  Barrows  Plantation  nas  already 
been  mentioned.  It  suggests  the  presence  there  of  the  base  of 
the  Chattahoochee. 

77ie  Chattahoochee, 

Wiley^s  Landing  hed, — For  paleontological  purposes  the 
base  of  the  Chattahoochee  can  be  studied  at  Wiley's  Land- 
ing, or  locality  18.  At  the  river's  edge  are  found  pieces 
of  a  peculiar  white  limestone,  irregularly  cracked,  break- 
ing with  a  conchoidal  fracture,  usually  quite  hard,  but  also 
found   with   the  exposed   surfaces  soft  and   friable,  contain- 

*  Loc.  cit,  page  447. 
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ing  fossils  mostly  in  the  form  of  casts.  Lithologically  this 
rock  strongly  resembles  the  upper  Vicksburg.  It  occurs  also 
at  locality  14,  among  the  blocks  heaped  up  along  the  river 
bank.  The  situation  and  Hthological  character  of  tnese  blocks 
seemed  to  be  that  of  the  upper  V  icksburg,  and  the  fossils  were 
not  satisfactorily  identified  but  seemed  to  have  a  Chattahoochee 
facies.  Above  this  level  are  a  few  silicified  courses,  and  then 
in  turn  comes  a  massive  bed  of  a  grayish-white  rock,  quite 
firm,  but  readily  broken  by  a  hammer,  in  which  occur  those 
fossils  which  have  been  recognized  at  a  number  of  localities  as 
constituting  the  basal  fauna  of  the  Chattahoochee.  This  bed, 
which  I  shall  call  the  Wiley^s  Landing  Bed,  may  have  a  thick- 
ness of  20  feet,  but  at  the  Landing  the  actually  exposed  part 
hardly  rises  that  far  above  the  river  level.  Toward  the  base 
of  this  Wiley's  Landing  bed  the  rock  is  brecciatcd,  the  cracks 
being  filled  in  with-  calcite  of  almost  the  same  color  and  con- 
stituency. The  coral  blocks  at  locality  19,  although  loose  in 
the  stream  beds,  always  occurred  below  this  level  of  brecciation, 
and  so  were  considered  as  of  a  lower  horizon.  The  brecciated 
rock  is  as  a  rule  unfossiliferous.  It  occurs  also  near  the  stream 
leading  out  of  the  sink  at  Steep  Head,  west  of  Faceville, 
northwards  towards  the  Flint  Kiver,  perhaps  an  eighth  of  a 
mile  north  of  the  sink  on  the  west  side  of  the  stream.  Also  at 
Griffin's  Creek,  four  and  a  half  miles  south  of  Bainbridge. 
Keasons  are  given  later  on  for  believing  that  the  last  locality 
does  not  represent  the  same  horizon. 

Chaitahoochee  hed proper, — Next  in  order  comes  the  Chatta- 
hoochee bedj  well  exposed  near  the  (Old)  Chattahoochee  Land- 
ing. This  locality  represents  a  southing  of  about  three  and  a 
half  miles  from  that  of  Wiley's  Landing.  Its  main  element  is 
a  peculiar  gray  limestone  tinged  with  yellow,  soft,  friable, 
readily  reduced  to  powder.  At  the  Landing  the  fossils 
occurred  chiefly  at  a  level  only  a  few  feet  above  the  river 
level,  but  the  friable  rock  extends  to  a  height  of  30  feet  above 
the  river  level.  Rock  of  the  same  Hthological  character,  and 
having  a  closely  allied  fauna  occurs  about  a  mile  and  a  half 
east  of  the  River  Junction  Bridge  (called  Chattahoochee  Land- 
ing by  W.  H.  Dall),  along  the  railroad  which  crosses  the  river 
three-fourths  of  a  mile  below  (Old)  Chattahoochee  Landing. 
Here  the  fossils  occur  at  a  higher  level  than  at  the  Old  Land- 
ing, and  it  is  to  be  noted  that  the  brecciated  bed  along  the 
stream  leading  south  from  Steep  Head,  also  seems  to  have  a 
somewhat  higher  position  than  would  be  expected  from  its 
position  at  Wiley's  Landing. 

Thickness  of  Chattahoochee  bed  proper. — The  position  of 
the  fofisiliferous  bed  at  the  Old  Chattahoochee  Landing  is  esti- 
mated as  being  at  least  40  feet  above  the  base  of  the  Chatta- 
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hoochee  as  shown  at  Wiley's  Landing.  The  top  of  the  friable 
limestone  of  Old  Chattahoochee  would  then  reach  a  level  of  about 
65  feet  above  the  base,  and  the  lowest  exposure  at  Aspallaga 
Bluff  about  five  and  a  half  miles  farther  south,  would  be  at 
least  80  feet  above  the  base  of  the  Chattahoochee.  The  main 
body  of  the  rock  exposed  at  Aspallaga  is  evidently  cloeely  related 
to  tifie  localities  just  mentioned  fartlier  north.  The  soft  friable 
rock,  here  containing  shark's  teeth,  and  other  teeth  which  we 
judged  to  be  reptilian,  also  apparently  fish  bones,  was  abundantly 
represented.  Harder  courses  contain  the  ordinary  middle 
Chattahoochee  fauna.  More  siliceous  layers  occur,  bat  their 
presence  is  also  familiar  along  the  railroad  exposures  half  a 
mile  northeast  of  Chattahoochee  Junction  above  mentioned. 
The  top  of  these  Chattahoochee  limestones  rises  according  to 
Dall  and  Stanley-Brown  about  50  feet  above  the  river  level. 
This  would  place  it  at  least  130  feet  above  the  level  of  the 
base  of  the  Chattahoochee,  and  would  give  the  Chattahoocliee 
bed  itself  a  total  thickness  of  at  least  100  feet. 

Griffin  hed  and  Aapallaga  clays. — The  Aspallaga  dayt 
with  its  Oysters  and  Pectens  we  did  not  see.  This  is  unforta- 
nate  since  we  found  a  hard  rock  full  of  Orbitolites  and  a  few 
other  shells  at  a  level  which  seemed  to  us,  judeed  only  by  the 
eye  and  the  effort  it  required  to  reach  the  locality,  to  be  much 
higher  than  50  feet  above  the  river  level.  This  rock  is  litho- 
logically  and  paleontologically  identical  with  that  at  Griffin's 
Creek  and  seems  to  promise  considerable  as  a  valuable  means 
of  correlating  various  horizons.  I  shall  call  it  the  Griffin  hed, 
and  believe  its  location  to  be  at  the  top  of  the  Chattahoochee 
bed,  and  therefore  about  50  feet  above  the  river  level  or  a 
hundred  and  thirty  feet  above  the  base  of  the  Chattahoochee. 
Above  the  Griffin  bed  occur  the  Aspallaga  clays. 

GHffin'^s  Creek  locality* — At  the  Griffin's  Creek  locality, 
four  and  a  half  miles  south  of  Bainbridge,  on  the  west  side  of 
the  road,  about  half  a  mile  west  of  Griffin's  house,  and  a  little 
north  of  a  plantation  shed  occurs  an  exposure  of  interest  in 
this  connection.  The  lowest  exposure  at  this  locality  is  a 
brecciated  limestone,  about  2  feet  thick.  Above  this  lies  the 
peculiar  Griffin  bed,  cavernous  on  account  of  the  dissolution  of 
the  many  gasteropod  shells  once  contained  in  them,  and  still 
containing  many  specimens  of  Orbitolites.  This  bed  may  pos- 
sibly be  6  to  8  feet  thick  at  this  point.  In  the  calcareous  clay, 
often  already  deep  red,  or  clayey  brown  owing  to  decomposi- 
tion, there  are  found  the  same  Anomia  and  apparently  the 
same  Pecten  as  in  the  Aspallaga  clays  of  Rock  Bluff.  This 
would   place   the   Griffin  Creek  bed  at   the  junction   of  the 

*  Loc.  cit.,  page  447. 
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Chattahoochee  bed  and  the  Aspallaga  clays,  and  would  sug- 
gest that  the  brecciated  limestone  just  below  either  represents 
a  second  horizon  of  brecciation,  or  that  there  must  once  have 
been  a  great  Eocene  island  in  this  part  of  the  country  and  that 
at  the  GriflSn  Creek  locality  the  elevation  was  such  that  there 
was  Btill  a  chance  for  shore  work,  at  a  time  just  preceding  the 
deposition  of  the  two  beds  of  later  age  at  that  locality. 

The  elevation  at  GriflSn's  Creek  is  180  feet  above  the  sea  ; 
at  Glenn's  Well,  2J  miles  southward,  the  base  of  the  Chatta- 
hoochee is  102  feet  above  the  sea  level.  This  would  give  the 
GriflBn  bed  at  this  point  an  elevation  of  80  feet  above  the  base 
of  the  Chattahoochee,  instead  of  130  feet,  as  given  in  the  Flint 
River  section.  This  may  possibly  indicate  a  thinning  out  of 
the  Chattahoochee  section  towards  the  eastward. 

Powell's  limesink  lies  7  miles  east  of  Bainbridge.  The 
elevation  of  the  base  of  the  Chattahoochee  is  there  155  feet 
above  the  sea  level.  So  little  has  yet  been  done  to  trace  out 
anticlinal  axes,  strikes  and  dips  of  these  flat-lying  rocks  that  it 
would  be  difficult  to  affirm  much  from  known  data.  The 
more  northern  location  of  this  locality  and  a  low  westward  as 
well  as  southern  dip  might  account  in  part  for  its  greater  eleva- 
tion above  sea  level.  But  the  belief  in  an  uneven  base  of  the 
Chattahoochee  seemed  the  most  natural  at  the  time  field  ob- 
servations were  still  being  made.* 

The  Aspallaga  claySy  not  seen  by  us  at  the  type  locality,  are 
well  exposed  at  Rock  Bluff.  According  to  Dall  and  Stanley 
Brownf  the  marl  has  here  a  thickness  of  67  feet.  Rock  Bluff 
representing  a  southing  of  about  four  and  a  third  miles  from 
Aspallaga  Bluff,  the  base  of  the  Aspallaga  clays  being  50  feet 
above  the  river  at  Aspallaga  Bluff,t  and  12  feet  above  at  Rock 
Bluffjt  the  dip  of  the  rocks  may  be  variously  estimated  at 
from  9  to  11  feet  per  mile  southwards,  according  to  the  sup- 
posed fall  in  the  river  level.  Alum  Bluff  lies  about  6^  miles 
south  of  Rock  Bluff,  measuring  across  the  supposed  strike  of 
the  Miocene.  At  this  rate  it  seems  as  though  the  Aspallaga 
clays  must  thin  out  more  or  less  southwards,  since  otherwise 
they  should  be  at  about  water  level  or  slightly  above,  at  Alum 
Bluff.  No  doubt  they  occur  at  no  great  distance  below  water 
level.  At  this  rate  the  Chipola  bed  must  be  rather  thin.  Its 
base  may  be  estimated  as  occupying  a  position  at  least  160 
feet  above  the  level  of  the  base  of  the  Chattahoochee  as  shown 
at  Wiley's  Landing.  The  question  as  to  whether  the  Aspal- 
laga clays  belong  m  the  Chattahoochee  or  in  the  Chipola  will 
no  doubt  be  settled  as  investigations  go  on.  The  Anomia  in 
these  clays  was  found  in  the  Wiley's  Landing  basal  Chatta- 
hoochee, as  well  as  at  the  Griffins'  Creek  locality,  but  was  not 

*  p.  447.  f  Cenozoic  Geology  along  the  Appalachicola  River,  p.  155. 
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seen  in  the  Chipola  around  Bainbridge,  at  Alum  Bluff,  nor 
along  the  Chipola  River.  The  oyster  so  common  in  these 
clays  was  also  found  at  Wiley's  Landing  and  the  GriflBn  locali- 
ties, but  not  in  the  Chipola.  For  that  reason  I  am  still  in- 
clined to  consider  the  Aspallaga  clays  as  the  top  of  the  Chatta- 
hoochee series,  at  least,  until  further  collecting  shows  an  assem- 
blage of  true  Chipola  fossils  in  these  clays.  Other  collectors 
may  have  already  secured  this  desired  adaitional  material. 

The  writer  is  under  special  obligations  to  Mr.  Dall  and 
Stanley-Brown,  for  more  precise  determinations  of  the  thick- 
ness of  the  various  Chattahoochee  beds,  and  to  Prof.  Raphael 
Pumpelly  and  Mr.  Alfred  Brooks  for  the  opportunity  to  accom- 
pany them  during  their  various  trips  down  the  river  and  else- 
where, which  made  it  possible  to  collect  the  material  for  these 
notes  and  utilize  many  of  their  observations.  His  obligations 
to  various  publications  need  not  be  expressed  in  detail  since 
these  publications  are  too  recent  to  require  recalling  to  memory 
and  are  sufficiently  indicated  in  the  publications  of  Mr.  Dall. 

On  the  accompanying  sketch  map*  the  course  of  the  Flint 
and  Appalachicola  Rivers  has  been  represented  in  two  sections. 
The  Marianna  region  is  mapped  and  introduced  into  a  corner 
of  the  i)age,  so  as  to  show  its  relations  to  the  Flint  River  section. 
All  of  the  mapping  being  the  result  of  traverse  work  is  sure 
to  have  its  faults,  but  being  done  with  considerable  care,  is  cer- 
tain to  be  vastly  superior  to  the  ordinary  maps  which  fall  in 
the  traveler's  hands.  The  railroad  east  of  the  River  Junction 
station  is  only  approximately  located,  so  that  the  position  of 
the  Steephead  Limesink  is  not  accurately  determined,  except- 
ing as  regards  its  location  west  of  Faccville.  For  the  Eocene 
a  slope  of  13  feet  to  the  mile  is  assumed,  for  the  Chattahoochee, 
one  of  9  feet  to  the  mile.  The  question  of  dip  still  awaits 
more  detailed  study.  Localities  starred  are  suitable  for  camp- 
ing when  traveling  in  skiffs. 


Art.    IX. — On    Gahhros   hi   the  Southwestern    Adi7'ondack 

Region;  by  C.  H.  Smyth,  Jr. 

The  presence  of  large  areas  of  anorthosite  in  the  Adiron- 
dack region  has  long  been  known,  although  the  igneous  nature 
of  the  rocks  has  not  been  universally  recognized.  In  a  recent 
paper  Professor  J.  F.  Kemp+  has  described  extensive  develop- 
ments of  gabbro  in  the   vicinity  of  Lake  Champlain,  which 

*  See  page  4.2. 

f  Oabbros  on  the  Western  Shore  of  Lake  ChamplaiD.  BuU.  Geol.  Soc.  Americt, 
V,  p.  213. 
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re  connected  with  the  anorthosites  previously  known.  Dur- 
ig  the  past  sammer  the  writer  examined  a  group  of  related 
ocks,  which,  from  their  character,  mode  of  occurrence  and 
^cation,  seem  to  merit  description. 

The  locality  is  in  the  southwestern  comer  of  Hamilton 
bounty,  between  the  hamlet  of  Morehouse ville  and  Wilmurt 
^ke,  which  lie  about  five  miles  apart  on  opposite  sides  of  the 
alley  of  the  West  Canada  Creek.  The  nills  bordering  the 
alley  consist  chiefly  of  two  varieties  of  gneiss.  One  is  a 
ather  acid  rock  composed  largely  of  quartz  and  orthoclase, 
nth  a  peculiar  spindle  structure,  giving  to  weathered  surfaces 
he  appearance  of  partially  decayed  wood.  The  second  variety 
3  of  a  brownish  tint,  which  may  be  only  superficial,  and  con- 
ains  hornblende  in  some  quantity.  Its  foliation  is  of  the 
rdinary  type  and  sometimes  shows  much  crumpling.  A 
bird  variety  of  gneiss,  usually  nearly  black,  coarse  grained, 
ften  massive,  and  containing  large  lumps  of  garnet,  is  present 
n  more  limited  amount.  The  relations  subsisting  between 
hese  gneisses  have  not  as  yet  been  determined. 

The  rocks  with  which  the  present  paper  is  chiefly  concerned 
re  seen  at  several  points  oetween  Wilmurt  Lake  and  the 
reek  below,  the  first  outcrop  being  about  a  mile  and  a  half 
lown  the  road  from  the  lake,  and  several  others  appearing  at 
arious  points  within  the  next  mile.  Then  there  is  a  break 
nd  no  further  outcrops  appear  till  the  village  is  reached.  This 
»reak  is  doubtless  simply  the  result  of  the  covering  of  expo- 
ures  by  heavy  stream  deposits.  The  outcrops  show  a  dark, 
ine  grained  rock,  forming  irregular  patches  in  the  gneiss,  with 
he  line  of  demarcation  between  the  two  very  distinct.  These 
)atche8  often  have  a  tendency  toward  rectangular  outline,  and 
nay  be  nearly  equilateral,  or  elongated  into  a  dike-like  form. 
Their  extent  is  usually  limited  to  a  few  yards  or  rods.  The 
ame  rock  occurs  in  what  might  be  taken  for  an  interbedded 
ayer  in  the  erneiss,  some  fifteen  feet  thick  and  dipping  10° 
outh.  At  Morehouseville  a  coarser  variety  constitutes  a  knoll 
hree  or  four  acres  in  extent. 

The  true  nature  of  the  rock  is  best  shown,  so  far  as  field 
'elations  are  concerned,  in  the  small  patches.  It  is  seen  to  be 
intirely  different  from  the  surrounding  gneiss  in  composition 
md  structure  ;  it  cuts  directly  across  the  foliation  of  the  gneiss 
md  the  passage  between  them  is  as  abrupt  as  possible  ;  occa- 
(ionally  fragments  of  the  gneiss  are  included  in  it ;  and  the 
5one  of  contact  between  the  two  rocks  is  marked  by  a  narrow 
)and  differing  in  aspect  from  either  rock  and  evidently  the 
'esult  of  contact  metemorphism.  From  these  facts  it  is  clear 
;hat  the  dark  patches  are  intrusions  in  the  gneiss,  the  bed-like 
nass  being  an  intrusive  sheet.      The  large  body  of   rock  at 
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Morehouseville  gives  only  limited  indications  of  its  relations  to 
the  gneisses  and  the  determination  of  its  intrusive  character  is 
based  upon  its  composition  and  structure  and  resemblance  to 
the  rocks  of  the  smaller  patches,  rather  than  upon  its  mode  of 
occurrence.  This  being  the  case,  the  character  of  the  rock 
from  the  undoubted  intrusions  will  be  iirst  considered. 

Specimens  from  these  outcrops  show  variations  in  color  from 
very  dark  blue-gray,  to  a  lighter  gray  with  brownish  tinge. 
The  grain  is  fine  and  even,  with  little  variation  from  point  to 
point.  There  are,  however,  decided  differences  in  the  struc- 
ture of  the  rock  at  different  outcrops,  as  in  some  it  is  almost 
completely  massive,  while  in  others  it  is  distinctly  gneissoid. 
In  every  case  the  foliation  is  parallel  to  the  foliation  of  the 
enclosing  gneiss,  and  both  in  the  field  and  under  the  micro- 
scope shows  plainly  that  it  is  a  result  of  pressure  and  not  a 
flow  structure.  Weathering  produces  a  light  brown  crust 
which  has  not  been  found  of  any  great  thickness,  but  which 
greatly  obscures  the  superficial  difference  between  the  intru- 
sives  and  the  surrounding  gneisses.  Differential  weathering 
has  not  proceeded  sufliciently  far  since  glaciation  to  cause  any 
marked  difference  in  elevation  between  the  two  rocks,  but 
there  is  often  a  slight  projection  of  the  intrusive  patches 
above  the  gneiss.  Jointing  is  more  perfectly  developed  in  the 
former  than  in  the  latter,  giving  an  appearance  like  that  of 
many  dikes  of  diabase  and  related  rocks. 

The  darker  variety  of  the  rock  very  strongly  resembles 
some  of  the  finer  grained  specimens  of  the  Baltimore  hypers- 
theiie  gabbro  described  by  Professor  G.  H.  Williams.*  In  fact 
this  resemblance  is  so  strong  that  it  is  sometimes  difficult  to 
distinguish  from  each  other  specimens  from  the  two  localities. 
The  same  resemblance  exists  somewhat  in  the  composition  and 
structure  of  the  rocks  afi  seen  under  the  microscope,  but  in  a 
less  marked  degree.  Sections  of  the  Wilmurt  rock  show  a 
holocrystalline  granular  aggregate  of  plagioclase,  hypersthene, 
monoclynic  pyroxene,  hornblende,  a  little  biotite,  and  magne- 
tite. None  of  these  minerals  have  crystal  outlines,  being  in 
irregular  grains  which  range,  as  a  rale,  from  '1  to  "S"*'"  in  diam- 
eter. A  rather  conspicuous  feature  is  the  absence  of  apatite, 
which  is  seen  only  rarely  and  in  very  small  quantity.  In  a 
single  specimen  several  grains  of  garnet  are  shown.  Varia- 
tions in  the  rock  result  from  the  different  proportions  of  con- 
stituents present,  and,  in  less  degree,  from  differences  of 
structure.  In  nearly  all  specimens  the  minerals  are  extremelj 
fresh,  showing  almost  no  effects  of  weathering. 

*  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  neighbor- 
hood of  Baltimore,  Md.     U.  S.  G.  S.,  Bull.  28. 
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The  mineral  composition  and  structure  are  characteristic  of 
the  gabbro  family,  but  the  variation  in  relative  amounts  of  the 
constituents  in  different  masses  makes  it  difficult  to  include 
them  all  under  one  minor  subdivision  of  the  family.  In  the 
majority  of  cases  hypersthene  is  the  prevailing  ferro-magnesian 
constituent,  making  the  rock  norite ;  but  in  other  examples 
hypersthene  is  subordinate  to  monoclinic  pyroxene,  so  that  it 
mnst  be  classed  as  hypersthene  gabbro.  Less  often  hornblende 
exceeds  the  pyroxene  in  quantity,  the  rock  thus  approaching 
diorite  in  composition,  in  a  single  specimen  hornblende 
entirely  replaces  pyroxene,  the  specimen  being  taken  from 
near  the  edge  of  a  small  patch  having  the  normal  composition 
throughout  most  of  its  extent.  In  general  these  dioritic 
phases  are  quite  limited  and  appear  to  be  more  common 
towards  the  contact  with  the  gneiss.  In  view  of  this  varia- 
tion in  composition  the  rock  may  be  best  treated  under  the 
broad  term  gabbro,  which  will  serve  to  include  the  important 
varieties,  hypersthene  gabbro  and  norite. 

The  least  variable  and  most  abundant  constituent  is  the 
feldspar.  It  is  conspicuously  clear  and  free  from  all  traces  of 
the  dust-like  inclusion  so  common  in  the  feldspar  of  the  gab- 
bros.  The  polysynthetic  twinning  of  plagioclase  is  usually 
present  and  the  extinction  angles  on  the  lamellae,  ranging  from 
22°  to  28°,  show  that  the  feldspar  is  a  basic  bytownite.  Un- 
striated  sections  of  feldspar  are  common,  but  the  chemical 
analysis  of  the  rock  indicates,  by  the  small  amount  of  KjO, 
that  little  or  no  orthoclase  can  be  present.  Undulatory  extinc- 
tion is  very  pronounced  in  the  feldspar,  and  is  never  lacking. 
Further  effects  of  pressure  are  seen  in  bending  and  breaking 
of  the  lamellfle  and  sometimes  in  considerable  granulation.  In 
the  most  gneissoid  specimens  there  is  a  limited  alteration  of 
feldspar  to  muscovite. 

In  perhaps  two-thirds  of  the  sections  examined  hypersthene 
is  next  tx)  feldspar  in  order  of  abundance.  In  very  rare  in- 
stances it  shows  an  approach  to  crystal  form,  but  usually  is 
extremely  irregular  in  outline.  It  is  fresh  and  clear,  and  per- 
fectly free  from  the  plate-like  inclusions  so  common  in  the 
mineral.  It  shows  the  usual  pleochroism  quite  strongly ;  a, 
pale  red  ;  b,  pale  yellow  or  colorless  ;  c,  light  green  ;  with  very 
slight  differences  of  absorption.  It  is  distinguished  from 
monoclinic  pyroxene  by  this  pleochroism,  by  its  parallel  ex- 
tinction, and  by  its  rather  low  double  refraction,  together  with 
a  high  mean  index. 

The  monoclinic  pyroxene  is  pale  green,  or,  in  very  thin  sec- 
tions, colorless,  ana  has  no  pleochroism.  Like  the  feldspar 
and  hypersthene  it  contains  no  inclusicms  other  than  the  older 
magnetite.     The  pinacoidal  parting  and  fibrous  structure  of 
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diallage  are  lacking,  the  pyroxene  being  of  angitic  habit.  The 
angle  of  extinction  is  about  40**.  This  pyroxene  is  often  in 
somewhat  larger  grains  than  the  hypersthene. 

The  hornblende,  as  already  stated,  is  extremely  variable  in 
quantity,  but  is  never  entirely  absent  It  is  compact,  brown 
and  strongly  ])leochroic ;  a  light  yellow,  b  deep  brown,  c  dark 
greenish-brown,  with  the  absorption  c>b>o.  It  often  contains 
small  black  inclusions,  looking  like  magnetite.  It  is  of  con- 
siderable importance  in  making  out  the  nistory  of  the  gabbroe 
and  their  relations  to  other  rocks  of  the  region  to  ascertain 
whether  the  hornblende  is  original  or  paramorphic.  In  favor 
of  the  hitter  supposition  is  the  fact  that  the  hornblende  often 
partly  encloses  grains  of  pyroxene  into  which  it  seems  to  pass 
gradually.  This  intimate  association  is  very  common  and 
often  extremely  marked.  Paramorphism  woold,  moreover, 
readily  explain  the  increase  of  hornblende  in  some  portions  of 
the  rock,  even  amounting  to  complete  exclusion  of  pyroxene. 
On  the  other  hand,  the  association  of  the  hornblende  and 
pyroxene  clearly  is  often,  if  not  always,  the  result  of  parallel 
growth  and  accidental  juxtaposition.  Further,  in  many  cases 
the  apparent  gradual  transition  between  the  two  is  shown  by 
careful  observation  to  result  from  an  approach  to  parallelism 
between  the  plane  of  their  contact  and  the  plane  of  the  sec- 
tion. When  this  is  not  the  case  the  line  ox  junction  of  the 
two  minerals  is  generally  distinct  and  shows  no  indication  of 
inter|>enetration.  Then,  too,  the  amount  of  hornblende  in 
the  rocks  shows  no  close  relation  to  the  intensity  of  the  me- 
chanical force  to  which  they  have  been  subjected,  as  it  is  just 
as  likely  to  be  abundant  in  a  massive  rock  as  in  one  that  is 
prominently  gneissoid.  Taking  these  points  into  consideration 
it  seems  probable  that  the  hornblende  is  an  original  constituent 
of  the  gabbro  and  that  the  hornblendic  phases  of  the  rock  are 
the  result  of  local  variations  in  the  original  magma,  or  of 
differences  in  the  conditions  of  solidification. 

Biotite  is  of  very  minor  importance  as  a  constituent  of  the 
gabbro,  and  need  receive  no  special  description.  Its  distribu- 
tion is,  however,  of  interest.  Almost  without  exception  in 
the  finer  gabbros  the  biotite  occurs  in  close  proximity  to  the 
plane  of  contact  with  the  gneiss.  The  hornblende  shows  a 
tendency  in  this  direction,  but  nothing  like  that  of  the  biotite, 
which  also  tends  to  arrange  itself  parallel  to  the  contact.  The 
exceptions  to  this  rule  are  few. 

Magnetite  is  an  unfailing  and  important  constituent.  It 
forms  large  irregular  grains,  plainly  primary  and  in  consider- 
able quantity.  Tested  with  H^O^  it  shows  the  presence  of 
some  titanium,  but  as  it  is  readily  soluble  in  acids  and  strongly 
attracted  by  the  magnet  it  must  be  a  titaniferous  magnetite 
rather  than  ilmenite. 
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The  onlj  macroscopic  Btruotural  variations  in  the  frabbros 
sre  differences  in  coarseness  of  grain  and  in  degree  of  foliation. 
The  grain  as  a  rale  remains  nearly  constant  throughout  any 
given  body  of  the  rock  but  varies  somewhat  in  different 
patches.  The  homblendic  varieties  are  apt  to  be  coarser  than 
the  norma!  rock,  and  as  the  hornbiende  is  often  more  abundant 
toward  the  margins  of  the  rock  mass,  these  portions  are 
sometimes  decidedly  coarser  than  the  central  portions,  revers- 
ing the  genera!  rule  in  regard  to  intrusive  rocks. 

The  gneissoid  varieties  when  examined  under  the  micro- 
scope show  the  effects  of  pressure  in  a  greater  or  less  amount 
of  crushing;  of  the  minerals,  besides  the  undulatory  extinction, 
bending  of  twinning  lamellae,  etc.,  which  are  seen  in  alt  sec- 
tions. At  the  same  time  that  the  gneissoid  structure  becomes 
marked,  the  structure  of  the  hypersthene  undergoes  a  con- 
spicuous modification.  The  mineral  not  only  becomes  shat- 
tered like  the  other  constituents,  but  sends  out  long  slender 
tongnes  into  the  surrounding  feldspar.  These  tongues  range 
from  slight  projections  of  the  hyperstliene  to  string-like  ex- 
tensions which  radiate  from  a  hypersthene  core.  In  still  more 
extreme  cases  this  core  is  lacking  and  the  hyperethene  forms 
curious  rosettes.  It  is  often  impossible  to  determine  directly 
the  nature  of  the  mineral  in  the  tongnes,  but  it  may  be  safely 
regarded  as  hypersthene  as  there  is  a  complete  gradatton  be- 
tween them  and  the  larger  extensions  plamlv  composed  of  this 
mineral.  The  larger  tongnes  of  hypersthene  usuillj  form  a 
granophyric  intergrowth  with  the  feldspar  pieeenting  an 
appearance  somewhat  like  that  described  by  Ba3!e>*  in  the 
augite  of  Lake  Snperior  gabbros     It  is  impossible  to  deter- 


Fio.  I. — Gabbro.  Large  piece  of  bjperstheiie  lend 
aorrciunding  feldapar.     Diameter  nf  fleW  0  7°"° 

Pio.  2.— iGabbro.  Separate  loDgues  of  bjperKtbene 
ti*ld  0-4". 
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mine  whether  the  same  rcgalarity  of  orientation  persists  in 
the  liner  tongaes,  but  sach  seems  often  to  be  the  case.  Again, 
the  tongues  wander  irregularly  through  the  feldspar,  often 
extending  between  adjacent  individuals.  Figure  1  shows  the 
first  step  toward  tliis  structure,  figure  2  its  more  complete 
development  though  not  approachmg  the  fineness  and  com- 
plexity often  seen.  The  extreme  cases  are  often  accompanied 
by  an  alteration  of  the  feldspar  to  musoovite. 

This  stringing  out  of  the  hyperstbene  shows  a  most  inti- 
mate connection  with  the  development  of  gneissoid  structure. 
When  there  are  only  slight  traces  of  the  latter  structure  the 
hyperstlienc  occurs  merely  as  irregular  grains,  but  as  soon  as 
parallelism  of  constituents  becomes  marked  the  stringing  om 
begins  and  becomes  more  and  more  conspicuous  as  the  gneis- 
soid structure  increases.  It  seems  a  necessary  inference  that 
the  phenomenon  is  a  result  of  metamorphism  but  the  rationale 
of  the  process  is  not  clear,  and  it  seems  best  to  defer  any 
attempt  at  explanation  until  more  data  are  available. 

The  contact  between  the  gabbro  and  the  gneiss  is  quite  dis- 
tinct in  hand  specimens,  being  marked  by  a  greenish  gray 
band  about  2"""  wide.  Under  the  microscope  the  contact 
shows  a  narrow  zone  made  up  almost  wholly  of  the  pyroxenes 
with  some  biotite.  Just  within  this  band  the  gabbro  consists 
chiefiy  of  feldspar,  and  then  gradually  assumes  its  ordinary 
composition,  though  often  containing  an  unusual  amount  of 
hornblende.  The  character  of  the  contact  zone  is  clearly  due 
to  the  fact  that  the  pyroxenes  crystal h'zed  earlier  than  the 
feldspar  and  attached  themselves  to  the  solid  face  of  the  gneiss, 
leaving  the  adjacent  layer  of  gabbro  composed  of  nearly  pure 
feldspar.  The  pyroxenes  of  the  contact  zone  are  almost  com- 
pletely altered  to  a  green  chloritic  product,  to  which  is  due  the 
color  of  tliis  zone  as  seen  in  hand  specimens.  The  gneiss 
shows  no  i)ereeptib]e  mineralogical  changes  at  the  contact, 
though  its  color  is  altered  to  a  bluish  gray  tint. 

The  chemical  composition  of  the  gabbro  is  indicated  by 
analysis  I.  The  material  analyzed  was  taken  from  a  very  fresh, 
massive  specimen  which  showed  under  the  microscope  about 
the  average  proportions  of  minerals. 

Analysis  II  gives  the  composition  of  a  fresh  specimen  of 
the  Baltimore  gabbro  described  by  Professor  Williams^  and 
III  gives  the  results  obtained  by  analyzing  a  mixture,  in  equal 
amounts,  of  specimens  of  this  rock  from  twenty-three  different 
localities.!  The  similarity  in  the  results  of  the  three  analyses 
is  striking  and  confirms  the  conclusion  that  the  gabbro  at 
"Wilmurt  is  closelv  related  to  the  Baltimore  Rock. 

*  Op.  cit.  p.  37.  f  Op.  cit.,  p.  39. 
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I.  II.  III. 

SiO   46-85  44-10  46*85 

AlO, 18-00  24-86  19-72 

F,0, 6-16  7-89  3-22 

FeO 8-76  6-53  7*99 

MgO 8-43  3-89  7-75 

CaO 10-17  11-90  13-10 

NaO 2-19  1-66  156 

K,0 0-09  0-24  009 

H,0 0-30  0-60  0-56 

Totals 100-95  101-67  100-84 

Sp.gr 3-097  3-044 

he  gabbro  of  the  larger  area  at  Morehouseville,  as  already 
3d,  gives  only  slight  indications  of  its  intrusive  character. 

rocK  is  decidedly  coarser  grained  than  that  of  the  small 
ihes,  and  on  the  weathered  surfaces  closely  resembles  the 
nary  hornblende  gneiss  of  the  region.  In  thin  sections  it 
vs  the  same  constituents  as  do  the  finer  gabbros,  with  the 
tion  of  considerable  apatite,  while  biotite  is  quite  abundant 
•ughout  the  entire  mass.  The  percentage  of  ferro-mag- 
an  minerals  is  smaller  than  in  the  other  rocks,  and  the 
;te  is  decidedly  more  abundant  than  hypersthene  making 
rock  a  hypersthene  gabbro  rather  than  a  norite.     In  struc- 

it  varies  from  completely  massive  to  slightly  gneissoid. 
crushing  is  apparent  in  sections,  the  undulatory  extinction 
5ss  marked  than  in  the  finer  rocks,  and  there  is  no  sign  of 
stringing  out  of  the  hypersthene. 

;  seems  probable  that  the  facts  above  stated  may  prove  of 
le  in  working  out  the  geology  of  this  region  by  giving  a 

to  the  origin  of  the  black  hornblende  gneiss  previously 
rred  to.  Very  little  has  been  done  as  yet  along  this  line, 
a  brief  outline  of  the  more  important  observations  thus  far 
e  may  well  be  recorded  in  tliis  connection,  leaving  the 
lis  for  a  later  paper.  The  black  gneiss  was  first  seen  on 
shore  of  Big  Kock  Lake,  about  a  mile  and  a  half  northeast 
Yilmurt,  where  it  lies  between  acid  gneiss  below  and 
vn  hornblende  gneiss  above.  As  the  shores  of  the  lake  are 
klj  wooded  it  is  impossible  to  make  out  the  character  of 
contacts  between  the  rocks.  From  this  point  the  black 
68  extends  nearly  or  quite  continuously  along  the  strike, 
:he  head  of  Metcalf  lake  is  reached,  a  distance  of  three  or 

miles.  Beyond  this  point  the  country  has  not  been  ex- 
led.  On  the  north  shore  of  Metcalf  lake  there  is  a  series 
lifis  rising  one  above  another  in  which  the  black  gneiss  is 

alternating  with  layers  of  brown  gneiss,  sometimes  with  a 
er  gradual  transition  between  the  two,  but  often  with  a 


^ 
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very  sharp  line  of  demarcation.  As  all  the  region  is  covered 
with  dense  forest  it  is  almost  impossible  to  get  any  more  defi- 
nite knowledge  of  the  relations  oi  the  diflEerent  rocks. 

The  black  gneiss  is  coarse  grained  and  usually  more  massive 
than  the  surrounding  rocks,  though  by  no  means  always  so. 
Its  most  noticeable  feature  in  thie  field  is  the  presence  of  a 
great  deal  of  garnet,  ranging  from  small  specks  np  to  lumps 
two  or  three  inches  in  diameter.  Around  the  garnet  there 
may  generally  be  seen  a  narrow  rim  of  dark  green  or  black 
radiating  plates.  Freshly  broken  surfaces  glisten  with  the 
brilliant  luster  of  numerous  cleavage  faces  of  hornblende. 
From  this  normal  type  of  the  gneiss  there  are  many  variations. 
By  a  decrease  in  ferro-magnesian  minerals  it  becomes  light 
greenish-gray  looking,  very  mucii  like  specimens  of  gametifer- 
ous  anorthosite  from  Essex  County.  In  other  cases  the  garnet 
disappears  and  the  rock  would  then  be  taken  for  a  basic  gabbro. 
Rapid  changes  in  the  character  of  the  rock  often  take  place 
within  the  space  of  a  few  feet. 

Sections  of  the  gneiss  show  a  mineral  composition  closely 
related  to  that  of  the  gabbros.  The  feldspar  is  plagioclase, 
but  in  most  sections  is  almost  entii*ely  changed  to  minute  colo^ 
less  scales,  with  the  high  double  refraction,  parallel  extinction, 
absorption,  and  negative  optical  character  of  muscovite.  In 
many  sections  this  mineral  wholly  replaces  plagioclase,  but  in 
others  portions  of  the  feldspar  remain  showing  every  stage  of 
the  alteration.  Augite  and  hypersthene  like  that  of  the  gab- 
bro are  abundant,  together  witn  hornblende  of  somewhat  dif- 
ferent character.  This,  though  usually  massive  like  the  horn- 
blende of  the  gabbro,  differs  from  it  in  being  pleochroic  in 
green  tints,  sometimes  with  a  decided  bluish  tone.  It  is  inti- 
mately associated  with  both  pyroxenes,  and  in  such  a  way  as  to 
suggest  that  it  may  be  derived  from  them,  though  positive  proof 
of  this  is  lacking.  Magnetite  and  a  little  biotite  make  up  the  rest 
of  the  rock,  aside  from  the  garnet.  The  latter,  as  alreaay  stated, 
occurs  abundantly  in  masses  of  varying  size.  It  is  sometimes 
perfectly  clear,  with  a  decided  pink  color  and  sharply  defined, 
even  boundary.  In  other  cases  its  outline  is  very  irregular 
with  embayments  and  inclusions  of  the  other  constituents,  par- 
ticularly the  hornblende  and  pyroxene. 

The  most  conspicuous  feature  of  the  rock  is  its  structure, 
due  to  the  peculiar  form  of  the  hypersthene  and  hornblende. 
These  two  minerals,  though  often  in  irregular  masses,  show  a 
decided  tendency  to  extend  out  in  radiating  tongues,  with  a 
length  often  ten  or  twelve  times  their  breadth.  These  tongues 
may  start  from  any  portion  of  the  section,  but  commonly 
radiate  from  a  mass  of  pyroxene  or  more  particularly  from 
garnet  when  it  is  present,  thus  giving  rise  to  the  radiating 
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bands  seen  around  this  mineral  in  baud  specimens.  The 
tongues  are  nsually  curved  and  when  developed  from  several 
centers  give  a  remarkably  beautiful  effect  under  the  micro- 
scope, impossible  to  describe  or  to  figure  with  accuracy.  An 
attempt  in  the  latter  direction  is  soown   in  figure  4.     This 


Fio.  3 — Qabbro.  Tongtiea  of  hyperstbene  radialing  from  gamel.  The  feld- 
spar Bome what  altered.     Dlam.  of  field  0'7°"°. 

Fio.  4 — Ulack  gooist.  Tongues  of  hyperrithene  aail  hornblende  radie ting  from 
gamel.     Feldapar  completetj  altered.     Diam.  of  field  2°"". 

Btmcture  is  analogous  in  every  respect  to  tliat  described  in  the 
gneissoid  gabbro,  differing  from  it  only  in  being  on  a  larger 
scale,  with  all  of  the  constituents  coareer,  and  in  the  presence 
of  tongues  of  hornblende  as  well  as  of  hyperstbene.  The  analogy 
is  rendered  even  more  complete  by  the  fact,  not  previously 
stated,  that  in  the  sections  of  gneiasoid  gabbro  which  contain 
grains  of  garnet  the  latter  are  partially  surrounded  by  radiat- 
ing tongues  like  those  around  the  garnet  of  the  gneies,  but  often 
BO  slender  as  to  make  difficult  an  accurate  determination  of  the 
mineral  composing  them.  This  structure  is  illustrated  in 
figure  3. 

Thus,  the  black  gneiss  is  closely  related  to  the  gabbro  in 
mineralogical  composition,  showing  such  differences  irom  it  as 
might  result  from  alteration  and  metamorphisin.  At  the  same 
time  the  gneiss  has  developed  on  a  large  scale  a  peculiar  struc- 
ture which  is  precisely  analogous  to  a  structure  shown  in  the 
nieiflBOid  gabbro.  From  these  facts  it  seems  justifiable  to  con- 
clode  that  at  least  there  is  great  probability  that  the  black 
meiss  is  a  metamorphosed  gabbro.  The  final  establishment  of 
ue  traUi  or  error  oi  this  hypothesis  will  be  an  important  step 
in  Dnravelling  the  histoiy  of  the  gneissic  complex  of  the  re- 
gion, for  the  bowlders  of  the  drift  indicate  that  the  black 
gneiss  ia  a  rock  of  considerable  importance.  In  fact,  it  may 
be  said  of  all  the  rocks  described  that  they  are  doubtless  of 
much  greater  extent  than  might  be  inferred  from  the  facta 


64     C.  II.  Smythj  Jr. — Galiyros  in  the  Adirondack  Ilegion. 

stated,  for  the  dense  foi-est  covering  the  reffion,  the  scarcity 
of  trails  and  the  decided  similarity  in  weathered  surfaces  of 
the  different  rocks  combine  to  make  it  a  matter  of  great  diffi- 
culty to  collect  reliable  data  in  regard  to  their  areal  relations. 

The  identification  of  rocks  ot  the  gabbro  family  in  this 
locality  is  of  interest  in  being  one  more  piece  of  evidence  indi- 
cating a  much  wider  range  lor  this  group  in  the  Adirondack 
region  than  was  formerly  supposed  to  be  the  case.  In  the 
early  days  of  the  New  York  survey  the  anortbosite  was  de- 
scribed by  Emmons,*  under  the  name  hypersthene  rock,  as 
limited  to  Essex  County.  Colvinf  speaks  of  finding  it  m 
another  county,  but  does  not  state  which  one.  Beecher  and 
Hall:j:  in  describing  the  faults  of  the  Mohawk  valley  speak  of 
the  labradorite  at  Little  Falls,  but  give  no  description  of  the 
rock.  Van  Hise§  has  stated  recently  that  in  company  with 
Prof.  G.  H.  Williams,  he  noted  the  gabbro  in  contact  with 
limestone  at  Bonaparte  Lake,  Lewis  County.  Nasonlj  mentiong 
the  occurrence  of  "  frequent  outcrops  of  the  typical  labrado- 
rite rocks "  along  the  line  of  the  Carthage  and  Adirondack 
railroad,  in  Lewis  and  St.  Lawrence  Counties.  Finally,  the 
work  of  Professor  Kemp,  already  referred  to,  has  shown  a 
great  expanse  of  the  gabbros  in  the  vicinity  of  Lake  Cham- 
plain,  in  all  of  these  recent  papers,  with  the  exception  of 
the  last,  the  reference  to  the  gabbro  is  merely  incidental,  and 
no  descriptions  of  the  rock  are  given.  They  serve,  however, 
to  indicate  that  this  group  of  rocks  is  by  no  means  limited  to 
Essex  County,  but,  on  the  contrary,  extends  over  a  large  por- 
tion of  the  Adirondack  region.  Of  the  various  localities  men- 
tioned, Little  Falls  is  the  nearest  to  Wilmurt  Lake,  and  is 
therefore  of  most  interest  in  this  connection.  The  rock  so 
well  exposed  in  the  gorge  of  the  Mohawk  river  at  this  place  is 
very  coarse  grained,  usually  distinctly  gneissoid,  ana  of  a 
greenish-gray  color.  It  is  composed  chiefly  of  pla^oclase, 
with  some  pyroxene,  hornblende,  mica,  and  quartz.  Its  most 
conspicuous  feature  is  a  highly  developed  catadastic  structure, 
showing  great  "  augen  "  of  feldspar  lying  in  a  mosaic  of  finely 
crushed  fragments.  In  composition  and  structure  the  rock  is 
precisely  like  the  Canadian  anorthosites,  in  fact  the  figures  of 
catadastic  structure  given  by  Adams^  might  have  been  drawn 
from  sections  of  the  Little  Falls  rock,  so  close  is  the  resem- 
blance.    But  more  important  is  the  fact  that  it  is  practically 

*  Geology  of  New  York,  2d  District,  p.  32. 
f  Adirondack  Survey,  Second  Report,  p.  151. 
X  Fiftli  Annual  Report  State  Geologist,  p.  8. 
i^  Bull.  8G.  U.  S.  G.  S.,  p.  399. 

I  Iron-Bearing  Rocks  of  the  Adirondacks,  Am.  Geol.,  xii,  p.  28. 
^  F.  D.  Adams,  Ueber  das  Norian  oder  Ober-Laurentian  von  Canada,  Neues 
Jahrbuch  fur  Mineralogie,  etc.,  B.B.  viii,  s.  419. 
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identical  in  character  with  the  anorthosites  of  Essex  County 
and  must  be  regarded  as  a  southward  extension  of  this  rock. 
Now,  although  Little  Falls  is  nearly  thirty  miles  from  the 
Wilraurt  locality,  a  line  connecting  it  with  the  Essex  County 
anorthosites  would  pass  less  than  eight  miles  to  the  eastward 
of  Wilmurt.  Thus,  if,  as  seems  probable,  the  anorthosite 
of  Little  Falls  is  continuous  with  that  of  Essex  County,  it 
mast  approach  within  a  comparatively  short  distance  of  the 
Wilraurt  gabbro.  The  possibility  of  establishing  a  connection 
between  the  two  rocks  is  thus  rendered  considerable,  so  much 
so  in  fact  that  there  can  be  little  doubt  that  the  gabbros  of 
Wilmurt  Lake  and  vicinity  are  an  offshoot  of  the  great  gabbro 
core  of  the  Adirondacks. 

Hamilton  College,  Clinton,  N.  Y.,  March  7,  1894. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  a  Titration  method  for  determining  Molecular  Mass, — 
It  has  been  shown  by  Nernst  that,  when  foreign  substances  are 
dissolved  in  a  given  liquid,  the  solubility  of  this  liquid  in  another 
with  which  it  is  partly  miscible,  is  diminished  in  accordance  with 
the  same  laws  as  those  which  regulate  the  diminution  of  its  vapor 
pressure  when  the  second  liquid  is  not  present.  The  experimental 
confirmation  of  this  law  has  been  found  difficult  owing  to  the  lim- 
ited number  of  miscible  liqaids  such  as  it  requires.  KtisTKR,  how- 
ever, has  succeeded  in  doing  this,  using  for  the  purpose  a  saturated 
aqueous  solution  of  sodium  chloride  on  the  one  hand  and  phenol 
on  the  other.  If  we  call  L^  and  L  the  solubilities  in  water  of 
pure  phenol  and  of  phenol  containing  a  foreign  substance,  <//  and 
g,  the  masses  of  phenol  and  of  the  foreign  substance  M/  and  M, 
their  molecular  masses  and  V^  and  V  the  volumes  of  phenol  be- 
fore and  after  the  addition  of  the  foreign  substance  we  have  for 
the  value  of  the  constant  k 

k  =  (L -L)/L .  (/,/M, .  M./(7. .  V/ V,. 

This  value  in  Ktlster's  experiments  was  1*125. 

To  apply  the  results  to  the  determination  of  molecular  mass  by 
titration,  Ktlster  uses  two  separating  funnels,  of  about  100^°  capa- 
city, each  containing  (1)  25^^  of  a  saturated  aqueous  solution  of 
sodium  chloride  saturated  with  phenol  at  the  temperature  of  the 
laboratory,  and  (2)  10®°  of  phenol  saturated  with  sodium  chloride 
by  contact  with  a  strong  solution  of  this  salt.  Into  one  of  these 
funnels  is  now  introduced  a  known  mass  of  the  substance  whose 
molecular  mass  is  to  be  determined.    It  must  be  soluble  in  phenol 

Am.  Joub.  Soi.— Third  Sibiss,  Vol.  XLVIII,  No.  283.— ^Jult,  1894. 
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and  only  sparingly  solable  in  water.  Both  funnels  are  then 
shaken  up  for  two  minutes,  care  being  taken  to  avoid  rise  in  tem- 
perature, and  they  are  allowed  to  settle  for  half  an  hour.  A  plag 
of  cotton  wool  is  placed  in  the  tube  of  each  funnel,  and  after 
drawing  off  1^^  or  so,  the  rest  of  the  filtered  aqueous  layer  is  col- 
lected in  a  small  flask  and  well  closed.  In  this  aqueous  solution 
the  phenol  is  estimated  by  titration  with  bromine;  10"  of  the  so- 
lution being  placed  in  stoppered  bottles  along  with  25'-'*'  of  bro- 
mide-bromatc  solution  and  10<=*^  of  10  per  cent  hydrochloric  acid. 
After  half  an  hour  10^^  of  solution  of  potassium  iodide  (42  g.  pr 
liter)  is  added  and  in  15  minutes  the  solution  is  titrated  with 
twentieth  normal  thiosulphate  solution.  From  the  above  equa- 
tion 

M,=  l-126<7.94/10 .  L;{L,— L). 

The  author  obtained  for  benzene  values  for  the  molecular  mass 
ranging  from  74 'V  to  80*  1  (theory  requiring  78)  ;  for  chloroform 
from  959  to  120-0,  and  for  vinyl  tribromide  from  267'5  to  294; 
theory  requiring  119*5  and  207  respectively.— 7?er.  ^er/.  Chenu 
Ges.y  xxvii,  324,  328,  February,  1894.  G.  F.  a 

2.  071  (he  Use  of  (he  Lumnier- Brodhun  prism  in  Colorime(ry, 
— The  Lummer-Brodhun  prism  which  has  proved  of  so  much  ser- 
vice in  photometry  has  been  applied  by  Kbuss  with  equal  satis- 
faction, in  colorimetry.  This  double  prism  consists  of  one  ordi- 
nary total  reflecting  prism  with  its  hypothen use-surface  plane, 
and  of  a  second  such  prism  having  its  hypothenuse-surface  spher- 
ical, with  the  exception  of  a  small  circular  plane  surface  at  the 
center.  The  second  prism  is  so  adjusted  to  the  first  that  its  plane 
circle  is  in  the  center  of  the  plane  hypothenuse  side  of  the  other, 
the  two  being  pressed  together  so  as  to  leave  no  air  between 
them.  The  double  prism  tiius  obtained  permits  light  to  pass  un- 
changed through  its  central  contact  surfaces,  while  those  rays 
which  are  incident  upon  the  outer  portions  of  the  plane  surface 
are  totally  reflected.  It  follows  that  the  transmitted  beam  ap- 
pears as  a  central  luminous  circle  while  the  totally  reflected  one 
is  a  bright  ring  surrounding  it.  If  the  central  image  and  the  an- 
nular one  are  given  by  different  sources  of  light  the  point  where, 
on  moving  away  the  brighter  source,  the  intensities  become  equal, 
can  be  very  exactly  determined.  In  Krttss's  colorimeter,  the  light 
traversing  the  prism  comes  through  the  one  solution,  and  that  re- 
flected by  the  prism  through  the  other;  the  arrangement  of  auxil- 
iary prisms  being  such  that  each  ray  has  to  pass  through  an  equal 
thickness  of  glass  and  suffer  the  same  number  of  reflections. — 
Zeit.  anorg,  Chem.  v,  3'Jo,  November,  1893.  o.  f.  b. 

3.  On  J^lec(rolysis  by  AUcrnaVing  Currents. — An  investigation 
has  been  untertaken  jointly  by  Hopkinson,  Wilson  and  Lydall 
in  order  to  determine  first,  the  energy  dissipated  by  the  so-called 
electrolytic  hysteresis,  and  second,  the  quantity  of  an  ion  per 
square  centimeter  of  an  electrode,  required  to  change  the  proper- 
ties of  the  electrode  to  that  of  the  ion  during  alternating  current 


Chefnistry  and  Physics.  67 

electrolysis.  The  experiments  were  made  by  passing  an  alternat- 
ing current  through  an  ordinary  non-inductive  resistance  and 
through  an  electrolyte,  the  difference  of  potential  at  the  extremi- 
ties of  these  two  resistances  being  measured  at  different  phases 
of  the  current.  Accompanying  the  paper  are  curves  of  current 
and  potential  differences  with  different  frequencies,  and  also  curves 
showing  the  dissipation  of  energy  per  cycle.  As  a  result  it  ap- 
peai*ed  that  with  platinum  electrodes  150"*i  ^°^  in  area,  the  ion 
being  hydrogen,  the  maximum  electromotive  force  due  to  polari- 
zation was  reached  when  one-tenth  of  a  coulomb  had  passed 
through  the  cell.  That  is  to  say,  when  000001  gram  of  hydro- 
gen had  been  liberated.  It  appears  therefore  that  0*00000007 
gram  of  hydrogen  is  sufficient  lo  polarize  one  square  centimeter 
of  platinum.  If  we  may  assume  the  density  of  this  hydrogen  to 
be  comparable  with  that  of  liquids,  the  thickness  of  the  film  of 
hydrogen  necessary  is  of  the  same  order  as  this  number — 
0'00000007*^"^ — a  number  comparable  with  the  distance  between 
the  molecules. — Proc,  Roy,  iSoc,  liv,  407 ;  J.  Chem.  JSoc,  Ixvi,  ii, 
178,  May,  1894.  g.  f.  b. 

4.  On  the  Source  of  the  Hydrogen  Peroxide  ifi  the  Atmosphere, 
— From  his  experiments.  Bach  has  been  led  to  the  conclusion  that 
under  the  action  of  sunlight  carbonic  acid  undergoes  decomposi- 
tion, yielding  percarbonic  acid  and  the  elements  of  formaldehyde 
according  to  the  equation 

(H,CO.),= (H.COJ,  +  lC  +  H,Oi 

The  percarbonic  acid  may  subsequently  decompose,  yielding  car- 
bon dioxide  and  hydrogen  peroxide  H^CO^rrCO^  +  H/J,.  It  is 
to  these  reactions  in  his  opinion,  that  the  presence  of  hydrogen 
peroxide  in  the  atmosphere  is  due.  If  a  cold  saturated  and  fil- 
tered solution  of  uranium  acetate,  containing  one  per  cent  of 
freshly  distilled  dietliylaniline,  be  exposed  to  the  simultaneous 
action  of  carbon  dioxide  and  strong  sunlight,  a  violet  coloration 
is  developed ;  although  the  solution  is  not  thus  affected  by  either 
of  these  agents  separately.  The  result,  therefore,  must  be  due, 
the  author  believes,  to  the  production  of  formaldehyde  and  of  a 
compound  (percarbonic  acid)  which  will  oxidize  the  leuco-base 
produced  by  the  action  of  the  formaldehyde  upon  the  diethylani- 
line. — Jier,  Berl,  Chem,  Gea.,  xxvii,  340,  February,  1894. 

G.  F.  B. 

5.  On  the  Explosive  Haloid  Compounds  of  Nitrogen, — Pure 
nitrogen  trichloride  NCI,  was  first  prepared  by  Gattermann  in 
1888,  as  an  oily  liquid,  so  explosive  that  sunlight  or  even  the  light 
of  burning  magnesium  caused  its  detonation.  Associated  with  it, 
the  crude  product  contained  other  chlorides  of  nitrogen.  Last 
year  Szuhay  produced  the  compounds  NHI,  and  NAgl,,  both  ex- 
plosive. The  whole  subject  has  now  been  stLdied  by  Seliwanow 
who  shows  that  the  production  of  the  chloride  or  the  iodide  of 
nitrogen  by  the  action  of  the  halogens   upon    ammonia  takes 
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.  place  in  two  stages,  hypochlorous  or  hypoiodoas  acid  being  first 
produced.  When  a  dilate  instead  of  a  concentrated  solution  of 
iodine  is  employed,  no  separation  of  nitrogen  iodide  occurs  and 
the  solution  contains  both  ammonium  iodide  and  hypoiodoas 
acid  niO;  this  latter  substance  being  readily  detected  by  means 
of  its  reaction  with  potassium  iodide.  As  the  strength  of  the 
iodine  solution  is  increased,  nitrogen  iodide  begins  to  be  depos- 
ited its  formation  taking  place  at  the  expense  of  the  hypoiodoas 
acid.  The  reactions  are:  NH,  +  I,-|-H,0=NHJ+HIO,  and 
NH,  +  (HI0),=NI,4-  (H,0),.  The  author  has  shown  that  a  sim- 
ilar  explanation  holds  with  reference  to  nitrogen  chloride.  The 
fact  that  he  proves  the  presence  of  hypoiodous  acid  in  a  solutioa 
of  ammonia,  is  interesting  in  view  of  the  basic  properties  of  this 
substance  as  recently  established  by  Victor  Meyer.— ^cr.  BerL 
Chem.  Ges.,  xxvii,  1012,  April,  1894.  G.  f.  b. 

6.  On  the  Preparation  of  Phosphorus  by  the  Action  of  Alu- 
minxim  upon  the  Phosphates,-— It  has  been  observed  by  Kossel 
and  Frank  that  on  heating  sodium  metaphosphate  with  aluminam 
in  a  current  of  hydrogen,  28  to  31  per  cent  of  the  phospboma  dis- 
tills over,  leaving  a  residue  consisting  of  alumina,  sodium  alumi- 
nate  and  aluminum  phosphide.  The  same  is  true  of  the  phos- 
phates of  calcium  and  magnesium ;  all  of  them  yielding  phospho- 
rus when  heated  with  aluminum.  When  aluminum  is  heatea  in 
the  vapor  of  phosphorus,  aluminum  phosphide  A1,P,  is  formed. 
It  is  obtained  as  a  gray  powder  by  continuing  the  heat  nntil  the 
excess  of  phosphorus  is  drive  off.  If  silica  be  added  to  the  mix- 
ture of  phosphate  and  aluminum  the  whole  of  the  pbosphoms 
may  be  obtained  : 

{Ca(PO.),),  +  Al.,  +  (SiO,).=(CaSiO.).  +  (Al.O.). + (P.).. 

On  heating  a  mixture  of  calcium  metaphosphate  and  calcium  sul- 
phate with  aluminum  a  violent  explosion  took  place  which  the 
authors  believe  to  be  due  to  the  sulphate ;  since  barium  sulphate 
or  calcium  pulphate  acts  with  explosive  violence  when  heated  with 
aluminum  setting  free  sulphur. — Ber.  BerL  Chem.  Ge8,y  xxvii,  52, 
January,  1 894.  G.  P.  B. 

7.  Oil  the  Production  artificiaUy  of  the  Diamond. — The  exper- 
iments of  MoissAN  upon  the  production  of  the  diamond  in  his 
electric  furnace  have  oeen  continued.  In  order  to  cool  the  melted 
iron,  it  is  poured  into  melted  lead.  Small  globules  of  the  iron 
rise  to  the  surface  and  are  cooled  and  solidified  before  reaching  it. 
When  these  globules  are  treated  with  acids  in  the  usual  way  the 
yield  of  diamonds  is  somewhat  better  and  they  are  very  limpid, 
have  no  black  enclosures  and  some  of  them  show  distinct  crystalli- 
zation. In  many  cases  they  also  show  parallel  strisB  and  impres- 
sions of  cubes  similar  to  those  seen  on  native  diamonds.  Two 
specimens  thus  prepared  broke  spontaneously  after  a  time.  One 
of  them  showed  distinctly  curved  faces.  Some  of  these  diamonds 
show  smooth  and  brilliant  surfaces  while  others  have  a  granular 
surface.     In  some  cases  they  were  found  to  be  trapezohedrons 
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with  twelve  faces.  In  convergent  polarized  light,  some  crystals 
showed  no  coloration,  while  others  showed  feeble  colors  though 
less  intense  than  is  sometimes  seen  in  natural  crystals.  Hence  the 
author  thinks  it  probable  that  carbon  like  iodine  and  arsenic, 
changes  at  the  ordinary  pressure  and  at  a  sufficiently  high  tem- 
perature from  the  solid  to  the  gaseous  state  but  under  a  very  high 
pressure  can  be  liquefied  and  remain  in  surfusion  taking  a  crystal- 
line form  when  it  solidifies. —  C.  i?.,  cxviii,  320;  J,  Chem,  Soc,^ 
Ixvi,  ii,  189,  May,  1894.  g.  f.  b. 

8.  Electrical  Condition  of  the  air  in  high  altitudes. — The  re- 
sults of  experiment  by  Weber,  Elster  and  Geitel  appear  to  con- 
firm the  hypothesis  of  Peltier  that  the  earth  has  a  negative  charge 
and  is  also  surrounded  by  an  electrostatic  field.  The  equipoten- 
tial  surfaces  are  approximately  parallel  to  the  earth's  surfaces, 
and  the  positive  charge  increases  with  the  height  as  far  as 
previous  observations  have  extended.  The  amount  of  vapor  in  the 
air,  the  presence  of  clouds  modifies  notably  this  electrostatic  field 
of  the  earth.  Various  measures  of  the  potential  of  the  air  at 
different  heights  have  been  made  in  balloon  ascensions.  Thus 
Lecher  found  at  440,  550  and  660  meters  height  a  potential  of 
193  voltmeters,  while  at  the  surface  of  the  earth  92*2  voltmeters 
was  obtained.  Tuma  obtained  at  the  height  of  410  meters,  -f-40 
voltmeters  and  at  a  height  of  1900  meters  +70  voltmeters.  R. 
Bornstein  has  made,  however,  two  balloon  ascensions  and  obtained 
results  which  appear  to  disprove  the  theory  that  the  potential 
increases  with  the  height.  The  first  ascension  was  made  August 
18,  1893,  near  Berlin  on  a  clear  day,  with  still  air.  The  height 
of  3790  meters  was  reached,  and  the  electrometer  indicated  a 
potential  between  -f-88  and  —52  voltmeters.  The  instrument 
showed  marked  variations  and  on  the  whole,  diminution  of  the 
potential  with  the  height.  At  3000  meters,  the  potential  difference 
was  too  small  to  measure.  The  results  of  this  ascension  however 
may  have  been  complicated  by  unusual  atmospheric  conditions, 
possibly  by  the  prevalence  of  an  aurora.  A  second  ascension 
was  made  from  Charlottenbur^,  September  29.  The  height  of 
3943  meters  was  attained.  The  potential  varied  somewhat, 
attaining  a  maximum  value  of  +100  voltmeters,  and  did  not 
reach  negative  values.  It  decreased  as  the  balloon  rose,  at  3300 
meters  it  was  not  measurable,  but  became  greater  as  the  balloon 
sank.  Feb.  17,  1893,  Basch in  attained  a  height  of  4000  meters, 
and  also  noted  a  diminution  of  the  potential  with  increasing 
height.  At  a  certain  height  measures  were  no  longer  possible. 
Similar  results  were  obtained  in  August,  1893,  by  French  observers. 
BOnistein  remarks  that  five  observers,  thus  independently  of  each 
other,  have  found  that  the  potential  decreases  with  increasing 
height.  The  observations  seem  to  point  to  the  conclusion  that 
masses  of  electricity  of  positive  sign  are  present  in  the  atmos- 
phere. In  the  discussion  of  Bernstein's  paper  Professor  Bezold 
pointed  out  that  our  knowledge  of  atmospheric  electricity  can  be 
gained    better  from  balloon  ascensions  than  from  observations 
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from  high  points  on  the  earth's  sarface,  for  at  such  high  points  it 
is  impossible  to  obtain  conditions  of  uniformity.  If  we  had 
numerous  observations  at  different  heights  taken  in  balloon  ascen- 
sions, we  could  construct  curves  which  would  show  at  a  glance  the 
electrical  conditions  of  the  atmosphere. — /Voc.  Physical  Society 
Berlin^  March  16,  1894.  Ann.  der  Phyaik  und  Chemie^  No.  6, 
1894,  pp.  85-50.  J.  T. 

II.    Geology  and  Mineralogy. 

1.  The  United  States  GeologiccU  Survey. — The  recent  resigna- 
tion of  Major  J.  W.  Powell,  and  the  appointment  of  Charles  D. 
Walcott  to  be  his  successor  as  Director  of  the  U.  S.  Geological 
Survey,  mark  the  completion  of  the  first  fifteen  years  of  this  im- 
portant Government  Bureau. 

Congress  did  not  or^^anize  this  survey,  but  in  a  couple  of  clauses 
of  the  Appropriation  bill  of  March  3,  1879,  established  the  oflice 
of  "  Director  of  the  Geological  Survey,"  made  the  necessary  ap- 
propriations for  his  salary  and  for  the  expenses  of  the  survey,  and 
placed  upon  the  Director  the  duty  of  "directing  the  Geological 
Survey,  the  classification  of  the  public  lands,  the  examination  of 
the  geological  structure,  mineral  resources  and  products  of  the 
national  domain." 

Clarence  King  was  the  first  Director  and  performed  the  import- 
ant function  of  organizing  the  Survey  and  setting  it  in  motion. 
In  1881  Mr.  King  resigned  and  Major  J.  W,  Powell  took  up  the 
task  of  directing  the  survey,  and  it  is  largely  due  to  the  energetic 
directing  of  the  survey  by  these  two  officers  that  such  grand 
results  have  been  accomplished  in  so  short  time.  In  fact  the 
criticism  of  the  administration  of  the  survey  has  been  directed 
chiefly  against  the  too  energetic  extension  of  its  investigations  into 
fields  thought,  by  the  critics,  to  be  outside  the  legitimate  province 
of  the  survey. 

The  broadening  of  the  area  of  the  survey  from  the  "  national 
domain,"  to  which  it  was  at  first  restricted,  to  include  the  whole 
territory  of  the  United  States  has  resulted  in  opening  the  grander 
problems  of  the  geological  structure  and  development  of  a  conti- 
nent to  scientific  study,  and  has  already  been  found  entirely  prac- 
ticable— aiding  and  not  interfering  with  local  state  surveys. 

The  groat  attention  paid  to  topographical  surveys  has  been 
criticised  both  by  those  calling  for  more  thorough  work  than  has 
been  done,  and  by  those  jealous  of  enroaehments  upon  the  more 
specific  province  of  a  geological  survey — i.  e.  the  elaboration  of 
the  geology  of  the  country.  Topographic  maps  are  undoubtedly 
necessary  to  the  minute  study  of  the  geology  of  a  region,  hut 
their  construction  should  not  be  made  the  chief  work  of  a  geo- 
logical survey. 

The  segregation  of  lands  in  the  arid  regions  for  irrigation 
reservoirs,  however  important  ibr  the  regions  concerned,  is  not  the 
legitimate  function  of  a  geological  survey,  and  the  transfer  of  this 


Geology  and  Mineralogy.  71 

work  either  to  a  separate  organization,  or  to  the  individual  States 
to  be  benefited  thereby,  would  relieve  the  survey  from  both 
criticism  and  expense. 

The  paleontological  work  of  the  Survey  has  been  done  on  a  scale 
which  has  excited  the  admiration  of  the  scientific  world.  When 
we  consider  the  marvelous  revelations  which  American  paleon-. 
tology  has  made  in  the  past  few  years  any  undue  expenditure  in 
this  direction  may  be  charged  to  the  lavish ness  of  our  rocks  in 
paleontological  wonders  rather  than  to  any  wastefulness  on  the 
part  of  the  survey.  Paleontology  is  the  basis  of  all  interpretation 
and  classification  of  the  geology  of  stratified  rocks,  and  we  hope 
that  the  selection  of  one  of  our  ablest  paleontologists  to  be  Director 
will  result  in  the  application  of  the  thorough  methods  of  research, 
used  by  Mr.  Walcott  in  his  interpretation  of  the  Cambrian,  to 
all  the  departments  of  the  United  States  Geological  Survey. 

II.  s.  w. 

2.  An  Itiiroduction  to  the  Study  of  the  Brachiopoda,  intended 
as  a  Handbook  for  the  Use  of  Students.  By  James  Hall, 
assisted  by  John  M.  Clabkb.  (Report  of  State  Geologist  of 
N.  Y.  for  1891.)     Pp.  136-300,  plales  1-22,  1894. 

It  is  seldom  that  the  authors  of  special  monographs  devote 
their  time  and  knowledge  to  the  preparation  of  a  general  ele- 
mentary work  which  will  enable  the  student  to  gain  a  compie- 
hensive  view  of  a  given  subject.  The  Brachiopods  arc  an 
especially  favored  class  of  animals.  Davidson,  in  1851,  published 
his  well-known  and  able  "Introduction,"  which  showed  what 
might  be  expected  when  the  recent  and  fossil  forms  had  been 
more  thoroughly  studied.  (Ehlert,  later,  in  1887,  prepared  the 
section  relating  to  Brachiopods  for  Fischer's  "  Manual  de  Conchy- 
liologie."  It  has  been  considered  the  best  modern  treatise  on  the 
class,  and  is  in  every  way  an  admirable  resume.  Zittel  has  also 
given  an  excellent  review  of  the  group  in  his  "  Handbuch  der 
ralaeontologie." 

The  authors  of  the  present  work  are  especially  fitted  for  the 
task  through  their  long  and  intimate  investigation  of  the  Genera 
of  Palaeozoic  Brachiopoda  (vol.  viii,  Pala?ontology  of  New  York), 
and  it  is  safe  to  assume  that  this  handbook  embodies  a  more 
critical  knowledge  of  the  class  than  it  has  hitherto  received  in 
similar  elementary  works. 

The  introductory  portion  treats  of  the  leading  characters  of  the 
Brachiopoda,  together  with  their  geographic  and  bathymetric  dis- 
tribution. The  features  of  the  shell  are  then  discussed,  with  the 
Tariations  in  form,  ornamentation,  and  the  special  characters  of 
the  cardinal  area  and  delthyrium.  The  internal  configuration  of 
the  valves  receives  considerable  attention,  and  includes  features 
of  the  articulating  apophyses,  muscular  scars,  pallial  sinu9,  genital 
markings,  and  structure  of  the  test.  The  portion  relating  to  the 
animal  itself  gives  a  summary  of  the  structure  of  the  mantle  and 
pedicle,  the  muscular,  alimentary,  neural,  and  reproductive  sys- 
tems, and  the  numerous  modifications  of  the  brachia  in  various 
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groups  of  genera.  The  last  of  the  general  introdactory  matter  is 
on  the  embryology  and  especially  the  early  and  post-embryoDio 
stages  in  the  development  of  the  shell. 

These  observations  are  followed  by  sacoinct  descriptions  of  the 
genera,  with  mention  of  their  geological  range  and  the  type 
species.  The  genera  are  well  illustrated  in  the  twenty-two  litho- 
graphic plates  accompanying  this  work  which  were  drawn  in  the 
most  perfect  manner  by  Fhilip  Ast^  the  well-known  artist  of  the 
l^alaeontology  of  New  York. 

The  present  volume  includes  the  inarticulates  with  the  orthoid, 
strophomenoid,  and  prodnctoid  genera  of  the  articulates.  The 
authors  propose  to  complete  the  work  with  plates  and  descriptions 
of  the  spire-  and  loop-bearing  forms,  together  with  a  general 
chapter  on  the  classification  of  the  Brachiopoda.  c.  b.  b. 

3.  Bibliotheque  G^ologique  de  la  JiussiCy  vol,  viii,  1892,  parS. 
NiKiTiN,  pp.  1-215,  St.  Petersbourg  and  Paris,  1893. 

The  eighth  volume  of  this  valuable  digest  of  Russian  geological 
literature  contains  titles  and  brief  synopses  of  contents,  in  both 
Russian  and  French,  of  the  literature  of  1892.  Its  value  is  in- 
creased by  the  addition  of  full  indices,  arranged  according  to 
subjects,  geographic,  biologic  and  authors'  names. 

4.  Illustrations  of  the  ^mina  of  the  St.  John  Oroup^  No.  vm; 
by  G.  F.  Matthew.  (Trans.  Roy.  Soc.  Canada,  Section  iv, 
1803.)     pp.  85-129,  Plates  xvi,  xvii,  1894. 

In  the  closing  number  of  this  important  monograph,  which  has 
been  issued  serially,  is  added  a  ''  list  of  the  Fossils  of  the  Cam- 
brian and  Ordovician  rocks  in  and  near  St.  John,  being  those  of 
the  Basal  or  Etcheminian  series  and  of  the  St.  John  Group,"  in 
which  are  listed  220  species  and  varieties. 

The  following  thicknesses  are  given  of  the  rocks  of  the  St.  John 
Basin,  viz: 

Basjil  series  (Ktclieminian)  at  ITanford  Brook,  »^t.  Martin's,  1.200  ti 

Division  1  (Aeadiun)  at  the  Alms  House,  Simonds,  650  " 

DiviHiun  2  (Johaninan)  at  King's  Sciuarc,  Carleton,  1.000  '* 

Division  3  (Brotoiiian)  at  Straight  Shore,  Portland,  700  " 


3,550  ft. 


At  the  close  of  the  paper  the  author  remarks  on  the  use  of  the 
name  St.  John  group  as  follows: 

"  Since  the  range  of  the  terrain  is  now  known,  the  name  St 
John  group  cannot  be  used  as  synonymous  with  Cambrian;  nor 
is  it  of  value  as  that  of  a  group  with  a  specialized  fauna  of  local 
import  only.  It  is  rather  to  be  regarded  as  presenting  a  phase 
of  the  Cambrian  and  Ordovician  faunas  of  regional  value,  and 
especially  as  showing  a  succession  of  American  faunas  of  those 
times,  havinii:  close  relations  with  the  co-temporaneous  faunas  of 
Europe.  Its  claim  to  general  use  has  been  abrogated  by  the  dis- 
covery of  its  faunas,  and  it  now  stands  on  much  the  same  footing 
as  the  Quebec  group  of  Sir  Wra.  Logan.  These  names  must 
give   place   to   the   older  ones,   Cambrian   and   Lower   Silurian 
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(=Ordovician),  since  both  the  St.  John  and  the  Qaebec  groups 
inclade  strata  of  two  great  geological  systems."     (pp.  120-121.) 

5.  Fossil  resin. — ^The  following  chemical  analyses  of  specimens 
of  a  fossil  resin  of  black  color  from  two  horizons  in  the  Tertiary 
formation  in  Alabama,  viz  :  the  base  and  the  summit  of  the 
Eocene,  imbedded  in  impure  limestone,  are  reported  by  Eugene 
A.  Smith,  the  State  Geologist,  in  a  letter  to  the  editors. 

The  analyses  were  made  by  Dr.  Wm.  B.  Phillips. 


No.  1.  Marengo  Co.,  Ala.  Base  of  Eocene. 

No.  2.  Barbour  Co.,       " 

No.  3.  Choctaw  Co.,      "     Top 


Proximate  Analyses. 

I.                   II.  III. 

Volatile  matters 5T^65             62-85  02-90 

Fixed  carbon 41-00             36-20  34*50 

Ash -15                  -85  2-30 

Moisture 1-20                 -IC  -30 


100-00 


Ultimate  Analyses. 
I. 

Carbon 6388 

Hydrogen 9-07 

Oxygen  by  difference 20*2 1 

Nitrogen 0-37 

Sulphur 512 

Ash -15 

Moisture 1'20 


• 

1 00^00 

100-00 

II. 

III. 

59-86 

54^47 

7-90 

7-72 

2617 

29-71 

0-63 

0-22 

4-49 

5-28 

•85 

2-30 

•10 

•30 

100-00  100-00  100-00 

6.  Papers  and  Notes  on  the  Glacial  Geology  of  Great  Britain 
und  Ireland ;  by  the  late  Henby  Cabvill  Lewis,  M.A.,  F.G.S., 
Professor  of  Mineralogy  in  the  Academy  of  Natural  Sciences, 
Philadelphia,  and  Professor  of  Geology  in  Haverford  College, 
U.  S.  A.     Edited  from  his  Unpublished  MSS.  with  an  Introduc- 
tion by  Henry  W.  Crosskey,  LL.D.,  F.G.S.     London  :  Longmans, 
Green' A  Co.      1894.     Svo,  pp.  Ixxxi,  469. — The  sudden    death 
of  Professor  Lewis  in  July,  1888,  just  as  he  was  beginning  to 
revise  his  field   work  on  glacial  geology  in  Great  Britain  and 
Ireland,  led  many  to  fear  that  the  world  bad  lost  the  greater  part 
of  the   work  already  done  by  him,  for  there  are  few  observers 
whose  field  notes  can  be  safely  published  without  the  author's 
own  revision ;  but  those  who  knew  the  habits  of  Professor  Lewis 
expected  that  his  notes  upon  this  subject  would  prove  of  inesti- 
mable value.    They  are  not  disappointed.     The  present  volume 
of  550  elegantly  printed  Svo  pages,  is  really  one  of  the  most  im- 
portant contributions toglacial  geology  which  has  yet  been  made. 
The  late  Rev.  Henry  W,  Crosskey  has  furnished  an  introduction 
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of  great  value,  and  Prof.  Percy  F.  Kendall  bas  added  an  appen- 
dix ably  supplementing  the  observations  and  inferences  of  Pro- 
fessor iJewis.     But  the  main  work  is  still  that  of  Lewis  in  which 
we  are  permitted  to  travel  with  him  over  almost  the  whole  of 
Great  Britain  and  Ireland  and  see  what  he  saw  of  the  glacial  facts 
upon  which  his  theories  were  based.     Professor  Lewis'  eye  was 
both  sensitive  and  highly  trained,  and  he  records  fully  the  separate 
facts  as  they  are.     In  this  respect  the  volume  very  much  resem- 
bles the  separate  volumes  of  the  Second  Geological  Survey  of 
Pennsylvania,  and  reflects  the  good  judgment  of  Professor  Lesley 
who  furnished  the  pattern  for  the  reports  of  the  Pennsylvania 
geologists  in  whoso  company  Professor  Lewis  began  his  scientific 
work.     The  volume  contains  ten  elaborate  maps  and  one  hundred 
or  more  illustrations.     The  author's  minute  acquaintance  with 
the  glacial  phenomena  of  Pennsylvania  enabled  him  through  com- 
parison to  see  the  meaning  of  the  English  facts  as  no  local  ob- 
servers had  been  able  to  do.     He  was  led  to  believe  in  the  con- 
tinuity of  the  glacial  period  and  to  reject  the  theory  of  an  exten- 
sive submergence  of  the  British  Isles  in  connection  with  it.     His 
greatest  triuthph  is  what  may  be  called  a  reasonably  eompieU 
demonstration  that  the  high-level  shell-beds  at  Macclesfield  and 
Mocl  Tryfacn  were  not  deposited  during  a  period  of  submergence, 
but  consisted  of  material  which  had  been  incorporated  into  the 
till,  pushed  up  by  the  glacier  from  the  Irish  Sea.     The  work  of 
Professor  Lewis  marks  an  epoch  in  English  glacial  geology,  and 
Alfred  l^usiiel   Wallace  has  recently  given  nis  adhesion  to  the 
most  important  of  the  revolutionary  views  so  ably  defended  in 
this  volume.     Great  credit  is  due  to  Mrs.  Lewis  for  the  expense 
and  pains  which  slic  has  bestowed  in  making  the  unrivalled  work 
of  her  husband  available  to  the  scientific  public.  g.  f.  w. 

7.  Brief  notes  on  some  recently  described  minerals, — Under 
the  name  of  Knopitey  IIolmquist  has  described  an  apparently 
isometric  mineral  from  Alno  which  is  very  near  to  perofskite  but 
diifers  in  containing  cerium  as  shown  in  the  analysis. 


SiO      TiO,     ZrOo    FeO    MnO 
1-29      58-74      Dl       323       31 


MgO    C^-O,     CaO    K,0    NaaO    HjO  _  ^ «.« 
•19        r>-80     26  84    -76        -29        100  "" 


Two  types  of  the  mineral  are  given  and  the  optical  anomalies  are 
fully  discussed.— 6?.  For.  Fork,  xvi, />.  73,  1894. 

Recently  L.  J.  IgelstkOm  has  described  a  number  of  supposed  new 
antimony  and  arsenic  minerals  from  the  Sjogrube  Urebro,  Sweden. 
Thus  Lamptostihiitn^  a  ferrous  raanganous  antimonate  apparently 
tetragonal,  Flfstorpite  a  manganous  arseniate,  perhaps  orlho- 
rhombic,  Shloroarsenian  a  possible  manganous  arseniate,  Rho- 
doarsenian  occurring  in  small  pink  spheroids,  for  which  the  fol- 
lowing composition  is  given  after  deducting  some  admixed  calcite. 

AsaOi  MiiO  CaO  MgO  HjO  by  diff. 

1217  49  28  21-53  537  11-65 
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lis  is  interpreted  to  stand  for  10  RO.  A  8,0,+ 1  OR  (OH),  where 
=MnGa<feMg.  Hardness  4,  vitreous  luster,  pale  pink  streak, 
isily  soluble  in  HCl.  Basilite  a  foliated  dark  metallic  bluish 
>king  mineral  occurring  with  hausmannile.  In  thin  folise  trans- 
ient with  blood-red  color.  An  analysis  on  impure  material 
ve 

SbaOft  MDaOa  FejO,  HaO 

1309  tool  1-91  1500 

^gruvite  occurs  in  thin  lamellse  in  veins  and  druses  with  jacobs- 
.  Translucent  blood-red  color.  Streak  yellow.  The  analysis 
ve: 

Aa,Oft        MnO        FeaO,        CaO         PbO         HaO_,^^,, 
49*46         27-26         11-29  3-61         1-74  6-81  ~ 

lis  brings  it  very  near  Arseniopleite  previously  described  by 
3  same  author.  All  of  these  minerals  are  however  so  imper- 
;tly  investigated  that  it  is  impossible  to  say  whether  they  will 
md  as  definite  new  species  or  not.  Some  of  them  have  been 
termined  as  such  only  by  qualitative  analyses  carried  out  upon 
kterial  of  doubtful  purity.  All  crystallographic  and  nearly  all 
vsical  examinations  are  wanting.  Such  work  in  mineralogy  is 
l>e  greatly  deplored  as  tending  to  promote  confusion  and  disor- 
r. — ZeiUf,  KrysL^  p.  467,  vol.  xxii,  1894. 

Rittingeaite  has  been  shown  by  Miers  to  be  identical  with 
inihokonite.  The  former  name  thus  becomes  only  a  synonym, 
so  that  the  mineral  is  really  monoclinic,  ang.  ft  =  88°  47' 
Qulating  hexagonal  symmetry.  In  conjunction  with  this,  the 
alytical  work  by  Pbiob  shows  that  it  is  a  silver  sulpharsenite 
d  not  a  sulpharsenate.  Thus  it  has  the  same  composition  as 
oustite,  the  molecule  Aff,As  S,  being  dimorphous  {Ibid,  433). 
Frankeite  is  a  new  mineral  from  the  mines  in  the  Dept.  of 
otosi,  Bolivia,  described  by  Stklzner.  An  analysis  by  Winkler 
ive 

Pb  Sn  Sb  S  Fe  Zn        Gang 

50-57  12-34         10-61         2104         2*48         122         0-71  =  98-87; 

be  iron  and  zinc  being  deducted  as  pyrite  and  sphalerite,  the  re- 
lainder  gives  the  formula  PbjSn,Sb,S„.  Traces  of  germanium 
^ere  also  found.  Occurs  in  radiating  tibrous  or  foliated  masses. 
'leavage  in  one  direction  good.  H.=25.  Sp.  Gr.=5'55.  Luster 
letallic,  opaque,  color  blackish  gray  to  black.  Under  the  name  of 
Ilicteria"  is  known  as  an  ore. — {Jahb,  f,  Min.  1893,  vol.  ii,  p, 
14).  L.  V.  p. 

8.  Manuel  de  Mineralogie ;  par  A.  Des  Cloiseaux,  tome  2d 
eai.  fasc.  Paris,  1893.  (Dunod.) — The  first  volume  of  this 
ork  appeared  in  1862,  the  last  part  of  the  second  volume  in 
174.  Of  the  plan  and  scope  of  the  work  it  is  unnecessary  to 
y  anything  here,  it  is  familiar  to  every  mineralogist  of  every 
tionality,  and  it  is  a  matter  of  congratulation  that  the  veteran 
neralogist,  whose  services  to  science  have  been  so  great,  has 
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been  able  to  add  this  farther  contribution  to  his  important  work 
The  present  part  inclades  the  phosphates,  arsenates,  etc.  The 
author  proposes  to  issue  a  third  volume  describing  the  sulphatei 
and  allied  species.  l.  v.  p. 

III.    Astronomy. 

1 .  Tijtul  E^lii^Ms  of  the  Sun  ;  by  Mabel  Loomis  Todd.  Boston, 
Roberts  Brothers.  1 2mo,  1 S94,  pp.  244. — ^This  is  a  very  pleasantly 
written  volume,  designed  not  for  astronomers  but  for  those  with- 
out teolinical  knowledge  who  are  curious  as  to  the  strangely 
impressive  phenomena  of  total  eclipses.  It  is  profusely  illustrated, 
and  professional  astronomers  will,  we  believe,  find  the  little  volume 
not  only  inieresting  but  useful,  as  it  has  an  extensive  index  and 
abundant  references  to  original  sources. 

*J.  I^il/finitiofis  of  the  iick  Observatory  of'  the  University  of 
Cali/orfiia.  Vol.  II,  Sacramento,  1894,  4%  pp.  255. — ^This 
volume  contains  Mr.  Bnrnham^s  observations  at  Mount  Hamil- 
ton upon  double  stars  made  with  the  36  inch  and  the  12  IdgIi 
refractors  of  the  Lick  Observatory  between  August,  1888,  and 
Juno,  1S92.  The  six  catalogues,  Nos.  14-19,  of  new  doable  stars 
discovered  bv  Mr.  Bundiam  at  Meant  Hamilton,  and  originallf 
contributed  to  the  Atttronotnische  NachriiJiten^  are  included  in 
this  volume. 

;^.  Prof.  M.  UPDE^iRAFF,  who  has  had  charge  of  the  Laws 
Observatory  of  the  Universitv  of  the  State  of  Missoari  at  Colum- 
bia  since  July,  ISOO,  has  communicated  to  the  Academy  of  Sciences 
of  St.  Louis  a  deseription  of  the  building  and  principal  instra- 
meiits  together  with  the  determination  of  the  latitude,  longitude, 
and  alliiutle  above  sea  level  of  the  Observatory.  These  are  : 
Mean  X.  latitude,  38**  56'  5r-70  ±0'-0S 

\V.  longitude,  ^^  »*"  18*-334 

Height  above  sea  level,  737*41  feet. 

The  equatorial  telescope  is  a  refractor  of  7'45  inches  clear 
aperture,  made  in  ^lunich,  and  used  by  Prof.  Winlock  at  Shelby- 
ville  and  at  C'loverden.  It  has  been  provided  with  a  spectroscope 
by  Fanth.  The  transit  instrument  has  a  clear  aperture  of  2-10 
inches. 

IV.      BOTAN'V. 

1.  (ruide  to  Soirfrhy^s  Models  of  British  Fungi  in  the  Bepurt' 
tftcht  of  Botan;/,  British  Museum^  1893.  8*,  pp.  82.  Figs.  93.— 
This  attractive  pamphlet  which  is  ottered  to  the  visitors  of  the 
r»ritish  .Museum  for  the  moderate  sum  of  fourpence  is  intended  as 
a  i/uide  to  the  collection  of  models  of  edible  and  poisonous  iunp 
made  by  James  Sowerby  during  the  publication  of  his  classic 
work,  Kngli.sh  Fungi,  1797-1809.  The  collection  was  exhibited 
to  \.\m'.  public  during  Sowerby's  life  in  his  own  house  and  after  his 
*batl»   it  iM-came  the  property  of  the  British  Museum.     It  con- 
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ted  of  more  than  two  hundred  models  most  of  which  were  made 
unbaked  pipe-clay  and  being  very  fragile  they  had  become 
mewhat  injured  with  time  but  they  have  been  skilfully  restored 
'  Mr.  Worthington  G.  Smith,  so  that  the  collection  is  one  of  the 
lest  in  existence.  Probably  the  only  other  collections  to  be 
m pared  with  it  are  the  wax  models  made  by  Pinson  after 
illiard's  plates  in  the  Museum  of  the  Jardin  des  Plantes  in  Paris 
d  the  models  made  by  Barla  in  the  Museum  at  Nice  of  which 
ere  is  also  a  duplicate  series  in  the  Ecole  de  Pharmacie  in 
iris.  The  figures  which  illustrate  the  Hymenomycetes  are  from 
evenson's  British  Fungi  and  the  remainder  were  prepared  by 
r.  Smithy  who  also  wrote  the  text  which  includes  numerous 
marks  on  edible  and  poisonous  properties  of  the  different 
ecies,  the  result  of  Mr.  Smith's  large  experience.  w.  g.  f. 

2.  A  Monograph  of  Lichens  found  in  Britain:  being  a 
escriptive  Catalogue  of  the  Species  in  the  Herbarium  of  the 
ritish  Museum;  by  the  Rev.  James  M.  Cbombib.  Part  L 
.     Pp.  518.     Figs.  74.     London,  1894. 

This  excellent  monograph,  printed  by  order  of  the  Trustees  of 
e  British  Museum,  although  treating  specially  of  British  Lichens 
ill  prove  to  be  of  great  value  to  American  lichenologists  on 
coant  of  the  illustrations  of  the  fruit  of  different  genera,  the 
3ar  descriptions  and  well  arranged  synonymy.  In  fact  we  know 
DO  treatise  covering  the  same  ground  in  which  the  student  of 
ihens  will  find  so  much  information  as  to  the  generic  and  specific 
Btinctions  presented  in  a  compact  and  comparatively  inexpensive 
rm.  The  present  volume  includes  the  greater  part  of  the 
nnnooarpic  forms,  the  BecidecB^  Graphidei  and  angiocarpic 
irms  being  reserved  for  another  volume.  The  order  of  genera 
essentially  that  of  Nylander's  Synopsis,  but  Myriangium^  a 
3nu8  which  in  our  opinion  should  not  be  included  in  lichens  in 
ly  sense,  is  placed  after  the  angiocarpous  forms.  Perhaps  the 
lost  valuable  part  of  the  volume  is  that  relating  to  Ephebacei  and 
^oUemacei,  very  perplexing  families,  the  descriptions  of  whose 
pecies  have  hitherto  oeen  scattered  in  different  papers  and  jour- 
als  not  infrequently  inaccessible  to  the  student.  We  regret, 
owever,  that  in  the  description  of  the  gonidia,  or  goniinia  as 
bey  are  called  in  these  families  by  lichenologists,  the  author  has 
etained  the  cumbersome  terminology  of  licbenological  treatises 
Dstead  of  referring  them  to  the  alga — forms  which,  to  say  the 
iast,  they  resemble.  As  an  illustration  we  may  take  Ephebei 
rhose  gonidia  are  described  as  '^  gonimia  tunicated  in  nodulose 
fngonimia."  Since  they  are  undistinguishable  from  the  alga- 
enos  Stigonema^  a  genus  which  must  be  familiar  to  lichenolo- 
ists  as  well  as  others,  it  seems  to  us  that  it  would  be  better  to 
escribe  the  gonidia  in  this  case  by  the  word  Stigonematoid. 
he  convenieDce  and  accuracy  of  such  an  adjective  seems  to  us  to 
\  quite  independent  of  the  question  whether  a  writer  accepts  or 
nies  the  validity  of  the  alsa-fungal  theory  of  the  nature  of 
hens.     So  far  as  the  general  descriptions  are  concerned  they  are 
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excellent,  spore  characters,  chemical  reactiona,  habitats  and  locali- 
ties  being  given  sufficient  Imt  not  too  great  prominence^  so  that 
the  whole  appears  well  proportioned.  In  several  genera,  is 
ITmea^  forms  generally  classed  in  this  country  as  varieties  and 
regarded  as  such  in  Nylander^s  Synopsis  are  raised  to  the  rank  of 
species.  It  is  to  be  hoped  that  the  author  will  be  able  sood  to 
publish  the  second  volume  for,  at  present,  we  have  no  treatise  in 
which  the  species  of  Verrucaria  and  their  allies  are  adequately 
described,  not  to  mention  the  scattered  condition  of  the  literatare 
relating  to  Lecideei  and  GraphideL  w.  g.  f. 

V.    Miscellaneous  Scientific  Intelligence. 

1.  77ie  Condition  of  KiUxma  March  20M,  1892;  by  F.  S. 
DoDGK. — A  paper  by  5lr.  Dodge  in  vol.  xlv  of  this  Journal  con- 
tains an  account  of  the  crater  of  Kilauea  at  the  time  of  his  survey 
in  August,  1892.  A  recent  letter,  dated  the  26th  of  March  last, 
states  that  since  that  on  the  20th,  he  had  found  great  changes 
since  1892. 

The  deep  pit  of  Haleroaumau  or  pit  at  the  southwest  end  of 
the  crater  of  Kilauea  had  become  completely  filled  up  by  ove^ 
flows  from  its  lake;  and  the  lake  has  thereby  raised  until  now  its 
level  is  but  75  feet  below  the  Volcano  House  datum ;  and  it  is  still 
rising.  [The  Volcano  House  is  on  the  northeast  border  of  the 
crater  of  Kilauea;  and  in  ISSlT,  the  highest  part  of  the  margin  of 
Halemauniau  was  320  to  330  feet  below  the  Volcano  House 
daliun.]  The  lake  has  increased  in  size  by  the  addition  of  aci^ 
cular  portion — on  the  S.  W.  or  Kau  side — the  total  area  being 
now  about  15  acres,  and  the  newer  portion  is  the  scene  of  the 
irreritest  activity.  Seven  overflows  were  counted  at  one  time  last 
Tuesday  evenini;.  The  larcrest  was  fullv  50  feet  in  width  at  the 
outlet,  and  extended  to  the  foot  of  Kau  bluff  near  Uwekahuna, 
the  west  side  of  Kilauea.  The  rise  in  the  lake  has  been  447  feet 
since  Aui^.  1892,  and  now  a  flat  cone  surrounds  the  lake,  so  that 
instead  of  a  pit  with  a  lake  in  its  bottom  area,  there  is  a  low 
broad  cone  with  the  lake  on  its  summit,  and  it  is  this  summit 
whicli  is  only  75  feet  below  the  datum  point  at  the  Volcano 
House. 

2.  On  the  Leicester  Earthquake  of  August  4,  1893;  by 
Charles  Davison.  (Read  belore  the  lioyal  Society,  London), 
February  28,  ls94.     (Abstract.) 

On  August  4,  1893,  at  (3.41  p.m.,  an  earthquake  of  intensity 
nearly  equal  to  G  (according  to  the  Rossi-Forel  scale)  was  felt 
over  the  whole  of  Leicestershire  and  Rutland  and  in  parts  of  all 
the  adjoining  counties.  The  discurbed  area  was  58  miles  long, 
46  miles  broad,  and  contained  an  area  of  about  2066  square  miles. 
The  direction  of  the  longer  axis  (about  W.  40°  N.  and  E.  40°  S.) 
and  the  relative  position  of  the  isoseismal  lines  show  that  the 
originating  fault,  if  the  earthquake  were  due  to  fault-slijppinff, 
must  run  in  about  the  direction  indicated,  passing  between  Woo2- 
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»use  Eaves  and  Markfield,  and  heading  towards  the  north- 
8t.  The  anticlinal  fault  of  Charnwood  Forest,  so  far  as  known, 
tisfies  these  conditions,  and  it  is  highly  probable  that  the  earth- 
take  was  caused  by  a  slip  of  this  fault. 

The  beginning  of  the  sound  preceded  that  of  the  shock  in  all 
kits  of  the  disturbed  area  ;  the  end  of  the  sound  followed  that 
the  shock  in  the  central  district  and  in  the  neighborhood  of 
e  minor  axis,  but  preceded  it  near  the  end  of  the  major  axis, 
iius  the  sound  apparently  outraced  the  shock  in  the  direction  of 
e  major  axis,  but  not  in  that  of  the  minor  axis.  These  time- 
lations  of  the  sound  and  shock  can  be  readily  explained  if  the 
ea  over  which  the  fault-slip  took  place  were  several  miles  in 
ngth,  for  the  sound  in  all  probability  is  due  to  small  and  rapid 
brations  proceeding  chiefly  from  the  margins  of  that  area. 
The  intensity  was  greatest  at  and  near  Wood  house  Eaves,  and 
is  probable  that  the  fault-slip  began  in  the  neighborhood  of 
18  place,  gradually  diminishing  in  amount  in  either  direction, 
ther  rapidly  towards  the  northwest,  and  much  more  slowly 
wards  the  southeast ;  the  rate  at  which  the  slipping  advanced 
jing  greater  than  the  velocity  of  the  earth-wave.  The  total 
ngth  of  the  fault-slip  may  have  been  as  much  as  12  miles  or 
ren  more  and  there  can  be  little  doubt  that  it  was  continued  for 
►me  distance  under  the  Triassic  rocks  on  which  Leicester  is 
lilt. 

3.  Congr^a  Geologique  Interiiational.  Compte  Rendu  de  la 
"  Session,  Washington,  1891,  i-ix,  pp.  1-529,  figs.  1-39,  pis. 
xxi,  Washington,  1893. 

This  Report  of  the  fifth  session  of  the  International  Congress 
:  Greologists,  held  in  Washington  in  1891,  prepared  by  the  g^n- 
•al  Secretary  S.  F.  Emmons,  like  most  of  its  i)redecessor8,  con- 
ins  much  valuable  matter  in  addition  to  the  Proces-verbeaux  of 
le  proceedings  of  the  Congress  itself. 

Part  first  gives  a  brief  account  of  the  history  of  the  Congress; 
irt  second  contains  the  Proces-verbeaux ;  part  third  contains 
*ports  of  special  discussions ;  A  communications,  and  B  discus- 
ons  on  the  correlation  of  rocks;  C  discussion  upon  the  classifi- 
ition  of  the  Pleistocene  deposits ;  D  discussion  of  the  color- 
;heme  for  geological  map?,  and  E  a  brief  compte-rendu  of  the 
3ological  excursions.  Part  4,  more  than  one-half  the  volume, 
>otains  illustrated  explanations  of  the  three  main  excursions; 
,  Geology  of  Washington  and  vicinity,  prepared  by  W.  J. 
[cGee,  with  the  collaboration  of  G.  H.  Williams,  Willis  and 
arton;  B,  Geological  Guide  Book  of  the  Rocky  Mountain 
xcnrsion,  edited  by  S.  F.  Emmons,  parts  of  it  being  written  by 
ilbert,  G.  H.  Williams,  I.  C.  White,  Orton,  Emmons,  Grant, 
Idridge,  Hague,  Iddings,  Weed,  Peale,  Cross,  Walcott,  and 
cGee,  and  interesting  notes  are  added  by  the  visiting  geologists, 
.  McK  Hughes,  Fritz  Freeh  and  H.  M.  Cadell.  The  thanks  of  all 
K>loffi8t8  are  due  to  Mr.  Emmons  for  so  successfully  editing  this 
daable  report,  and  to  the  Government,  through  the  U.  S.  Geo- 
gical  Survey,  for  its  excellent  publication.  h.  s.  w. 
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4.  An  international  Congress  o/ applied  Chemistry  is  to  beheld 
at  Brussels,  Aug.  6th  to  11th.  Mon.  F.  Saohs  (me  d'Allemagoe, 
68),  and  H.  Van  Laer  (rue  de  Holland,  15),  Brosselles,  are  the 
general  secretaries  of  the  committee  of  organization. 

The  Loiver  Silvn'an  Lamellabranchiata  of  Minnesota :  by  E.  0.  Ulricu,  pp.  475- 
628,  pis.  xxxv-xlii.  (From  vol.  iii  of  Uie  Final  Report  of  the  Geological  and 
Natural  History  Survey  of  Minnesota.)    June  16,  1894. 

itudes  industnellc.  des  Giks  MitaUiferes;  par  Geoboe  Morgau.  pp.  439, 
fig.  1-39.     (Baudry  et  C.)     Paris,  1894. 

On  the  hnreditary  transmission  of  acquired  characters:  by  Wii.  H.  Brewkr. 
(Agricultural  Science.  Vol.  vi,  and  Vol.  ^ii ;  a  series  of  nine  papers  closing  with 
Vol.  vii.     pp.  43:i-438.)     1893. 

T?ie  volcunoes  of  the  Kula  f/asin  in  Lydia ;  by  HsyRT  Stbphexs  Washixgtcs. 
pp.  1-67.     Pl8  i-iv.     New  York,  1894. 

Iron  ores  of  North  Carolina,  a  preliminary  Report;  by  Henry  B.  C.  XrrzE. 
Assistiint  Geologist.  (Bulletin  No.  I,  Nor^  Garolina  Giieological  Survey,  J.  li 
Holmes,  State  Geologist.)  pp.  1-233,  figs.  1-58,  pis.  i-xx,  one  map.  Raleigh. 
1893. 

The  Relation  of  Rinlogy  to  Geological  Investigations;  by  Cnia  A.  Whtte.  From 
the  Report  of  the  U.  S.  National  Museum  for  1892,  pp.  245-368  (with  plate  lir). 
Waahinjrton,  1894. 

Geomorphology  of  the  Southern  Appalachians;  by  C.  Willard  Hateb  and 
Makius  R.  Cami'belu  from  the  National  Geographic  Magazine.  ToL  vi,  pp. 
63-126.  PLs  4-6.     Washington,  1894. 

Iowa  Geological  Survey,  Vol.  II,  Coal  Deposits  of  Iowa;  by  Charles  Bollct 
Keyes.     i)p.  536.     PIb.  i-xviii.    Des  Moines,  1894. 

Ujiited  States  Geological  Survey,  Ihdletins. — The  following  Bulletins  haTebeen 
recently  published : 

97.  the  McBozoic  Kchinodermata  of  the  United  States,  by  W.  B.  Clark.  1893. 
8^     207  pp.     60  pi. 

98.  Flora  of  the  Outlying  Carboniferous  Basins  of  Soutliwestem  Missouri,  bj 
David  White.     1893.     8^     139  pp.     5  pi. 

99.  Record  of  North  American  Geologv  for  1891,  by  Nelson  Horatio  Darton. 

1802.  8°.     73  pp. 

100.  Bibliography  and  Index  of  the  Publications  ol  the  U.  S.  Geological  Suryey. 
1879-1802,  by  PhiripCrovelingWarman.'    1893.     8'.     496  pp. 

101.  Insect  Fauna  of  the  Rhode  Island  Coal  IiMeld,  by  Samuel  Hubbard  Sciidder. 

1803.  8°.     27  pp.     2  pi. 

104.  (Jlaciution  of  the  Yellowstone  Valley  north  of  the  Park,  bv  W.  H.  Weei 
1893.     8°.     41  pp.     4  pi. 

105.  Tlie  Laramie  and  the  overlying  Livingston  Formation  in  Montana,  bj 
Walter  Hurvoy  Wood,  with  Report  oil  tlora,  by  Frank  Hall  Knowlton.  1893.  8'. 
66  pp.     6  pi. 

106.  The  Colorado  Fonuation  and  its  Invertebrate  Fauna,  by  T.  W.  Stanton. 
1893.     8vo.     288  pp.     45  pi. 

107.  The  Trap  iJikes  of  Lake  Champlain  Valley  and  the  Eastern  Adirondacks, 
byJ.  F.  Kemp.     1803.     8'.     62  pp.    4  pi. 

108.  A  Geological  Reconnoissance  in  Central  Washington,  bv  Israel  Cook 
Russell.     180:i.     8'.     108pp      12  pi. 

K'th  Annual  Report  of  the  United  States  Geological  Survey.  1890-91.  By  J. 
W.  Powell,  (Ureetor,  Part  I  Geology,  xiii.  675  pp.  53  pi.  Part  II  Irrigation, 
xviii.  576  pj).  146  pi.  Washington,  1891.  (Vol.  I  contains— The  Origin  and 
Nature  ot  Soils,  by  X.  8  Slialer:  pp.  213-346;  The  Lafayette  formation,  by  W. 
J.  McGee:  pp.  ;{47-524:  The  North  American  Continent  during  Cambrian  time, 
by  C.  I).  Walcott;  pp  523-568;  The  Kruptive  rocks  of  Electric  Peak  and  Sepul- 
chre Mountain,  Yellowstone  National  Park ;  by  J.  P.  Iddings ;  pp.  569-664.) 

Tlie  following  extracts  from  the  13th  Annual  Report  of  the  Director  of  the 
U.  S.  Geological  Survey  haye  apjK^ared : 

The  Mechanics  of  Appalachian  structure,  by  Bailey  Willis. 

The  Rensselaer  Grit  Plateau  in  New  York,  by  T.  Nelson  Dale. 

Second  Expedition  to  Mount  Saint  Elias,  by  Israel  Cook  RusseU. 

The  Average  Elevation  of  the  United  States,  by  Henry  Gannett. 

The  American  Tertiary  Aphidiu,  by  S.  H.  Scudder. 
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Art.  X. — Footprints  of  Vertebrates  in  the  Coal  Measures  of 
Ka^isas;  by  O.  C.  Marsh.    (With  Plates  II  and  III.) 

The  Mnseum  of  Tale  University  contains  a  small  collection 
of  footprints  of  much  interest,  which  were  found  in  1873,  in 
the  Middle  Coal  Measures,  near  Osage,  in  southeastern  Kansas. 
This  collection  is  part  of  a  larger  series  of  specimens  obtained 
at  the  locality  by  the  late  Prof.  B.  F.  Mudge,  who  published  a 
short  notice  of  the  discovery,  which  was  subsequently  copied 
in  this  Journal  (vol.  vi,  p.  228,  1873).  The  writer  examined 
this  entire  collection  at  Manhattan,  Kansas,  in  the  autumn  of 
1873,  and  secured  it  for  the  Yale  Museum.  The  more  impor- 
tant specimens  were  then  sent  to  New  Haven,  and  tracings  and 
notes  were  taken  of  the  others,  which  were  left  to  be  for- 
warded later.  A  careful  re-examination  of  these  footprints 
has  been  recently  made  by  the  writer,  and  the  main  results  are 
given  in  the  present  article. 

The  impressions  are  well  preserved  in  a  calcareous  shale, 
which  separates  readily  into  thin  slabs,  each  representing  a 
surface  of  the  beach  at  the  time  the  footprints  were  made 
upon  it.  A  few  shells  in  the  shale  are  suflScient  to  prove  that 
the  formation  is  marine.  Trails  of  annelids,  and  perhaps  of 
other  invertebrates,  are  seen  on  some  of  the  surfaces.  The 
footprints  of  vertebrate  animals,  however,  are  of  paramount 
importance,  and  the  large  number  and  variety  of  these  here 
recorded  on  a  single  surface,  if  they  could  be  rightly  inter- 
preted, would  form  an  interesting  chapter  of  land  vertebrate  life 
m  the  Carboniferous,  about  which  so  little  is  at  present  known. 

On  Plate  II,  accompanying  the  present  article,  five  distinct 
series  of  footprints  are  shown,  each  one-twelfth  natural  size. 
All  were  found  on  essentially  the  same  surface,  and  at  one 
locality.  The  five  different  animals  they  represent  were  thus 
contemporaries,  and  indicate  a  wealth  of  air-breathing,  land 
vertebrate  life  at  this  period,  hitherto  unsuspected. 

Am.  Joxm.  Sci.— Thibd  Sbbies,  Vol.  XLVIII,  No.  283.— JuiiY,  1894. 
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With  these  impressions  were  still  others,  made  either  by 
animals  nearly  allied  or  by  the  same  animals  under  different 
circamstances.  These  need  not  be  farther  noticed  in  this  con- 
nection, but  they  serve  to  emphasize  the  diversity  of  life  at 
this  point.     The  typical  series  are  briefly  described  below. 

Nanoyu9  caudatus^  gen.  et  sp.  nov. 

The  first  series  represented  on  Plate  II,  figure  1,  indicates 
the  smallest  animal  tnat  here  left  a  distinct  series  of  footsteps, 
and  the  only  one  in  which  an  imprint  made  by  the  tail  was 
preserved.  This  small  quadruped  had  evidently  but  three 
functional  toes  on  the  fore  feet  and  four  on  those  behind. 
The  fore  feet  were  considerably  smaller  than  the  hind  feet 
The  impressions  made  by  the  latter  are  nearly  all  separate 
from  the  anterior  footprints,  although  at  times  slightly  over- 
lapping them.  One  fore  and  one  hind  footprint  of  this  series 
are  represented,  natural  size,  on  Plate  III,  figure  1. 

The  nature  of  the  animal  indicated  by  these  impressions  can 
at  present  be  a  matter  of  conjecture  only,  but  the  probabilities 
are  in  favor  of  its  reference  to  the  Amphibians  rather  than  to 
the  true  lieptilia.  As  it  is  evidently  distinct  from  anything 
hitherto  described,  the  above  name  is  proposed  for  it. 

Limnopics  vagus^  gon.  et  sp.  nov. 

In  figure  %  Plate  II,  a  second  series  of  footprints  is  repre- 
sented, somewhat  larger  than  those  above  described,  and 
evidently  made  by  a  very  diiferent  animal.  A  fore  and  hind 
footprint  of  this  series  are  shown,  natural  size,  in  figure  2,  Plate 
III.  The  front  feet  had  four  functional  toes,  while  those  behind 
had  live,  all  well  developed.  The  impressions  of  the  hind  feet, 
as  a  rule,  overlap  those  of  the  corresponding  fore  feet.  Xo 
indications  of  a  tail  can  be  detected.  In  length  of  stride,  and 
in  the  distance  between  the  footsteps  of  the  right  and  left 
side?,  the  present  series  is  proportionately  about  the  same  a3 
those  above  described,  although  the  animals  differed  much  in 
size.  They  were  probably  both  Amphibians,  and  may  have 
been  nearly  allied. 

J)  roil  I  op  us  (KjUis^  gen.  et  sp.  nov. 

The  third  series  of  footprints  shown  on  Plate  II,  figure  3.  is 
of  s])eeial  interest,  and  indicates  an  animal  very  distinct  from 
the  two  already  described.  On  Plate  III,  figure  3,  an  outline 
impression  is  given,  natural  size,  of  one  double  footmark  of 
this  series,  made  hv  the  fore  and  hind   feet  of  the  left  side. 

V 

This  diagram  represents  the  impression  of  the  phalanges 
suitieiently  in  detail  to  indicate  their  number  and  general  form. 
A  striking  feature  in  the  fore  and  hind  feet  of  this  animal  was 
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the  long,  slender  digits,  terminated  by  sharp  claws.  Another 
point  of  interest,  as  recorded  in  the  footprints,  is  that  the  ani- 
mal in  walking  swnng  the  hind  feet  outward,  and  so  near  the 
^jound  that  the  ends  of  the  longer  toes  sometimes  made  trails 
m  the  mad,  marking  accurately  the  sweep  of  the  foot.  This 
would  seem  to  indicate  a  comparatively  short  hind  leg,  rather 
than  the  long,  slender  one  which  the  footmarks  themselves 
naturally  suggest. 

The  animal  that  made  these  interesting  footprints  was  prob- 
ably a  Lacertilian  rather  than  an  Amphibian,  but  there  is  also 
a  possibility  that  it  was  a  primitive  Dinosaur. 

AUopus  lUtorcUis,  gen.  et  sp.  nov. 

Besides  the  footprints  above  described,  which  pertain  to 
animals  of  comparatively  small  size,  there  are  several  other 
series  in  this  collection  made  by  very  large  animals,  which 
were  probably  all  Labyrinthodonts.  These  tracks  were  made 
on  the  same  beach,  and  at  about  the  sume  time  as  the  small 
footprints,  but  not  all  under  the  same  circumstances.  The 
largest  animal  thus  represented  appears  to  have  walked  on  one 
part  of  the  beach  that  was  quite  lirm,  leaving  very  shallow  foot- 
prints, and  again  to  have  traversed  another  part,  quite  near  the 
first,  but  slightly  covered  with  water,  or  at  all  events  so  soft 
that  deep  impressions  were  made  by  the  feet,  while  the  toes  of 
the  hind  feet  also  left  deep  trails  as  they  swung  outward  at 
each  step.  On  Plate  II,  figures  4  and  4ra,  these  two  kinds  of 
footprints  are  represented.  They  show  the  stride  of  the  ani- 
mal, and,  as  put  together,  also  denote  the  width  between  the 
footprints  of  the  two  sides,  so  that  the  series  can  be  compared 
with  the  others  on  the  same  plate. 

These  tracks  show  that  the  animal  had  five  toes  in  the  fore 
feet  and  four  behind.  The  hind  feet  show  a  distinct  impres- 
sion of  a  sole.  There  is  no  imprint  of  a  tail,  even  where  the 
mud  appears  to  have  been  deep. 

JSaropus  lentus,  gen.  et  sp.  nov. 

The  most  abundant  of  the  large  footprints  are  represented 

by  several  series,  which  are  remarkably  uniform  in  stride  and 

in  width  between  the  right  and  left  rows.     One  of  these  series 

is  represented  on  Plate  ll,  figure  5,  and  this  is  typical  of  the 

others.     The  animal  that  made  these  footprints  evidently  had 

four  functional  toes  in  front  and  the  same  number  behind. 

On  the  inner  side  of  each  foot,  however,  there  was  a  projection, 

which,  in  the  hind  feet,  was  quite  prominent  and  characteristic, 

bnt  can  hardly  be  interpreted  as  the  imprint  of  the  first  digit. 

Jfearlj  all  these  footprints  show  a  distinct  impression  of  a 

8oleL      This  is  usually  faint  in  the  tracks  of  the  fore  feet,  but 

strongly  marked  in  those  behind. 
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It  18  hardly  necessary  at  this  time  to  attempt  a  detailed  com- 
parison of  the  footprints  above  described  with  those  already  on 
record,  but  the  writer  hopes  to  do  this  later.  The  present 
specimens  all  have  well-marked  characters,  and,  being  from  a 
smgle  horizon  and  locality,  have  a  value  of  their  own  as  throw- 
ing light  on  the  land  vertebrate  life,  during  the  deposition 
of  the  true  Coal  Measures.  If,  in  themselves,  they  add  but 
little  to  what  is  already  known,  they  at  least  offer  encourage- 
ment to  investigators  in  an  interesting  field  not  yet  systemati- 
cally explored.  The  publications  of  Logan,  Lyell,  King,  Leji, 
Dawson,  and  others,  have  already  made  Known  discoveries  of 
importance  in  this  country,  and  others  have  been  recorded  in 
the  Old  World. 

So  far  as  at  present  known,  land  vertebrate  life  began  in  the 
Carboniferous  age,  no  footprints  or  other  remains  of  this  kind 
having  been  detected  below  the  Subcarboniferous.  That  sach 
remaics  will  eventually  be  found  in  the  Devonian,  there  can  be 
no  reasonable  doubt,  and  perhaps  even  in  the  Silnrian,  if  the 
land  surfaces  then  existing  can  be  explored. 

Yale  Universitj  Museum,  New  Haveo,  Conn.,  June  IS,  1894. 


EXPLANATION  OF  PLATES. 

Plate  IL 

FiouRK  1. — Series   of   footprints  of   Xanopus  caudatu^j   Marsh;    showing,  aba 
impression  made  by  the  tail. 

Figure  2. — Series  of  footprints  of  Limnapus  vagus^  Marsh. 

FiGUUE  3. — Series  of  footprints  of  Dromopus  agilis.  Marsh ;   showing  trails  made 
bv  the  toes. 

Fkjure  4. — Two  pairs  of  footprints  of  AUopus  littoralis^  Marsli;  right  side. 

FiGi'RE  4a. — Footprints  of  same;  showing  trails  made  by  tlie  toes;  left  side. 

Figure  n. — Series  of  footprints  of  Baropus  lentujf,  Marsh. 

All  the  figures  are  one-twelfth  natural  size. 

Plate  ITL 

Figure  1. — Outline  of  loft  fore  and  hind  footprints  of  Nianopus  caitdaiujs. 
Figure  2. — Outline  of  left  fore  and  hind  footprints  of  Limnopus  lagus. 
Fkjure  3. — Diagram  of  left  fore  and  hind  footprints  of  Dromopus  otjilis. 

All  the  tignres  are  natural  size. 
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Art.   XI.  —  The   Typical   Ornithopoda   of  the  American 
Jurassic  ;  by  O.  C.  Marsh.    (With  Plates  IV-VII.) 

The  herbivorous  Dinosaurs  now  known  from  the  Jurassic 
deposits  of  this  country  consist  mainly  of  the  gigantic 
Sauropoda  and  the  huge  Stegosauria^  both  quadrupedal  forms. 
A  third  group  is  the  bipedal  Omithopoda^  which  contains  the 

fenus  Campiosaurus  as  well  as  various  smaller  and  more 
ird-Iike  types.  The  first  two  groups  have  been  investigated 
by  the  writer,  and  the  main  results  published  in  this  Journal. 
The  third  group  also  received  considerable  attention  during 
the  above  investigation,  but  a  recent  study  both  of  the  type 
specimens  and  additional  material  has  revealed  new  points  of 
interest,  and  some  of  these  are  given  in  the  present  article. 

Camptosaurus^  Marsh,  1885. 

The  large  Dinosaur  described  by  the  writer  as  Camptosaa- 
rus  dispar^  of  which  a  restoration  also  has  recently  been  pub- 
lished,* is  now  so  well  known  that  it  may  be  taken  as  a  form 
typical  of  the  group.  It  is  exceeded  in  size  by  Camptosaurus 
ampiuSy  Marsh,  but  there  are  at  least  two  smaller  species  of  the 
genus  {C.  medius  and  O,  iianuSy  noticed  below).  So  far  as 
at  present  known,  these  species  are  found  in  successive  deposits 
of  the  same  general  horizon,  the  smallest  below  and  the  largest 
above. 

Camptosaurus  amplus  is  represented  by  remains  which 
show  that  this  reptile  when  alive  was  about  thirty  feet  in 
length.  The  type  specimen  of  C.  dispar  was  about  twenty 
feet  in  length,  and  ten  feet  in  height.  C,  niedius  was  about 
fifteen  feet  long.  The  smallest  species  of  the  genus,  C.  nanus^ 
was  not  more  than  six  feet  in  length,  and  perhaps  four  feet  in 
height  when  standing  at  rest.  One  of  the  striking  features  of 
this  diminutive  species  is  its  long  sigmoid  scapula  shown  in 
figure  3,  Plate  V.  This  is  in  strong  contrast  with  the  short, 
straight  scapula  of  C,  dispar,  seen  on  the  same  plate,  figure  2. 
The  limb  bones  of  all  the  species  of  this  genus  are  very  hollow. 

*  This  Journal,  vol.  xlvii,  p.  215,  March.    1894.     See  alRO,  vol.   xviii,  p.   501, 
December,  1879:  and  vol.  zxiXf  p.  169,  February,  1885 
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The  skull,  brain,  and  teeth,  of  C.  nifffiyv  are  sliowu  on  Plate 
IV.  The  peculiar  peg  and  notch  articulation  in  the  eacral 
vertebrae  ot  this  genus,  already  described,  is  indicated  on  Plat« 
VI,  figure  2,  and  a  Biimmary  of  the  principal  characters  of  the 
genne,  and  of  the  nearest  allied  genera,  will  he  found  in  the 
text  below. 

JJryoiaurus,  gen.  nov. 

Another  genua  of  Jurasaic  Dinosaurs,  allied  to  Camptotav- 
rue,  but  differing  from  it  in  uiany  important  rcBpeets,  is 
Dnjomurvs,  the  one  here  established.  The  type  was  deecribed 
by  the  writer  in  1878.  under  the  name  /.uosaurus  altut, 
and  a  tooth,  the  pelvis,  and  a  hind  leg,  were  also  fig- 
ured.^ Additional  material  since  received  shows  that  this 
genus  is  quite  distinct  from  Laogavrits^  to  which  it  was  at  first 
referred,  and  is  intermediate  between  Camptogaurua  and  that 
genus,  as  is  shown  in  a  summary  of  the  characters  of  these 
genera  given  later  in  the  present  article. 

The  European  representative  of  Vryosaurus  is  Hyjysilopko- 
don,  Huxley,  from  the  Wealden  of  England,  That  genus, 
however,  differs  from  the  nearest  allied  forms  of  this  country 
in  several  well-marked  charactere.  Among  these,  the  presence 
of  teeth  in  the  premaxillary  bones  and  a  well-ossified  sternum 
are  fentores  not  seen  in  American  Jurassic  fonns.  The  fifth 
digit  of  the  manns,  moreover,  in  /lypsUophodon  is  almost  at 
ri^t  angles  to  the  others,  and  not  nearly  parallel  with  them  as 
in  Dryosaurua.  It  agrees  with  the  latter  genus  in  having  the 
tibia  longer  than  the  femur. 

The  only  species  of  Dryoaaurua  at  present  known  is  the 
type  first  described,  and  in  future  this  may  be  called  Dryo- 
eavrus  alius.  Several  specimens  of  this  Dinosaur  are  pre- 
served in  the  Yale  Museum,  and  they  show  it  to  have  been 
in  life  about  twelve  feet  long,  and  one  of  the  most  slender 
and  graceful  members  of  the  group.  The  known  remains 
are  all  from  the  Atlantosaurus  beds  of  Colorado  and  Wyoming. 

Laosaurug,  Marsh,   1 878. 

The  present  genus  includes  aeveml  species  of  diminutive 
Dinosaurs,  all  much  smaller  than  those  above  described,  auc^ 
possessing  many  features  now  seeo  only  in  existing  bird»<. 
especially  in  those  of  the  ostrich  family.  The  two' species  »f 
the  genus  first  described  by  the  writer  {Laoaaurua  celer,  th« 
type,  and  L.  ffracili.s)f  show  these  avian   features  best  of  all? 

[,  Noveinber,  1SJ8. 
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d  it  would  be  difScalt  to  tell  many  of  the  isolated  remains 
)m  those  of  birds.  A  larger  species,  which  may  be  called 
losaurus  consors^  is  now  known  by  several  skeletons  nearly 
mplete.  The  type  specimen,  here  figured  in  part  on  Plates 
-  V 11,  is  the  most  perfect  •  of  all^  and  this  was  collected  by 
B  writer  in  1879.  The  animal  when  alive  was  about  ei^ht  or 
1  feet  in  length.  The  known  remains  are  from  the  Atlanto- 
ims  beds  of  Wyoming. 

One  of  the  distinctive  features  of  this  genus,  which  sep- 
ites  it  at  once  from  those  above  described,  is  the  pubis. 
le  prepubis,  or  anterior  branch  of  this  bone,  which  was  very 
•ge  and  broad  in  Camptosaurus^  still  long  and  spatulate  in 
ryosaurus^  is  here  reduced  to  a  pointed  process  not  much 
•ger  than  in  some  birds.  These  differences  are  shown  in 
ate  VII,  figures  1,  2,  and  3. 

NanosauruSy  Marsh,  1877. 

The  smallest  known  Dinosaur,  representing  the  type  species 

the  present  genus,  was  described  by  the  writer  in  1877, 
ider  tne  name  Nanosaurus  agilis.^  The  type  specimen  cen- 
ts of  the  greater  portion  of  the  skull  and  skeleton  of  one 
dividual,  with  the  bones  more  or  less  displaced,  and  all  en- 
mbed  in  a  slab  of  very  hard  quartzite.  The  whole  skeleton 
is  probably  thus  preserved  in  place,  but,  before  its  discovery, 
part  of  the  slab  had  been  split  off  and  lost.  The  remaining 
►rtion  shows  on  the  split  surface  many  important  parts  of 
e  skeleton,  and  these  have  been  further  exposed  by  cutting 
ray  the  matrix,  so  that  the  main  characters  of  the  animal  can 

determined  vnth  considerable  certainty. 
A  study  of  these  remains  shows  that  the  reptile  they  repre- 
nt  was  one  of  the  typical  Omithopoda^  and  one  of  the  most 
rd-like  yet  discovered.  A  dentary  bone  in  fair  preservation 
late  Vi,  figure  3)  indicates  that  the  animal  was  herbivorous, 
d  the  single  row  of  pointed  and  compressed  teeth,  thirteen 

number  and  small  in  size,  forms  a  more  regular  and  uniform 
ries  than  in  any  other  member  of  the  group.  The  ilium, 
^,  shown  on  the  same  plate,  is  characteristic  of  the  Omi- 
opoda^  having  a  slender,  pointed  process  in  front,  but  one 
uch  shorter  than  in  any  of  the  larger  forms.  The  posterior 
id  is  also  of  moderate  size.  All  the  bones  of  the  limbs  and  feet 
5  extremely  hollow,  strongly  resembling  in  this  respect  those 

birds.  The  femur  was  shorter  than  the  tibia.  The  meta- 
"sals  are  greatly  elongated  and  very  slender,  and  there  were 
5bablv  but  three  functional  toes  in  the  hind  foot. 

*  This  Journal,  vol  xiv,  p.  264,  September,  1877. 
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A  second  form  referred  by  the  writer  to  this  genus,  under 
the  name  NanosauruB  rex^  may  perhaps  belong  to  the  genus 
Laosaurua.  The  femur  is  shown  on  Plate  VI,  figure  5.  The 
animal  thus  represented  was  considerably  lanrer  than  the 
pi«8ent  type  species,  and  from,  a  somewha/hig^r  horizon  in 
the  Atlantosaurus  beds. 

The  type  specimen  here  described,  which  pertained  to  an 
animal  about  half  as  large  as  a  domestic  fowl,  was  found  in 
Colorado.  This  reptile  was  a  contemporary  of  the  carnivorous 
HallopuB^  likewise  one  of  the  most  diminutive  of  Dinosaurs, 
and  one  of  the  most  remarkable. 

The  various  Dinosaurs  thus  briefly  referred  to  under  their 
respective  genera  have  many  other  points  of  interest  that 
cannot  be  here  discussed,  but  their  resemblance  to  Birds  is 
worthy  of  some  notice.  This  is  apparent  in  all  of  them,  but, 
in  the  diminutive  forms,  the  similarity  become  more  striking. 
In  all  the  latter,  the  tibia  is  longer  than  the  femur,  a  strong, 
avian  character,  and  one  seen  in  Dinosaurs  only  in  the  small 
bird-like  forms.*  In  Nanosaum^^  nearly  all,  if  not  all,  the 
bones  preserved  might  have  pertained  to  a  bird,  and  the  teeth 
are  no  evidence  against  this  idea.  In  the  absence  of  feathers, 
an  anatomist  could  hardly  state  positively  whether  this  was  a 
bird-like  reptile  or  a  reptilian  bird. 

The  main  characters  of  the  four  genera  above  discussed  are 
as  follows : — 

iJamptOBaurus, 

Preniaxillaries  edentulous,  with  horny  beak.  Teeth  large, 
irregular,  and  few  in  number.  A  supra-orbital  fossa.  Cer- 
vical vertebrce  long  and  opisthocoelous.  Lumbars  present. 
Five  free  vertebrae  m  sacrum,  with  peg  and  notch  articulation. 
Limb  bones  hollow.  Fore  limbs  small.  Sternum  unossitied. 
Five  functional  digits  in  nianus.  Prepubis  long  and  broad; 
postpubis  elongated.  Femur  longer  than  tibia.  Metatarsals 
short.  Three  functional  digits  in  pes ;  the  firet  rudimentary, 
and  the  fifth  wanting. 

Dri/osaurns, 

Preniaxillaries  edentulous,  with  horny  beak.  Teeth  of  mod- 
erate size.  A  supra-orbital  fossa.  Cervicals  long  and  bicon- 
cave. No  lumbars.  Six  co(')Ssilied  vertebrae  in  sacrum,  with- 
out peg  and  notch  articulation.  Limb  bones  hollow.  Fore 
limbs  very  small.  Sternum  unossitied.  Five  digits  in  maniis. 
Prepubis  long  and  narrow ;  postpubis  elongate  and  slender. 
Posterior  limbs  very  long.  Femur  shorter  than  tibia.  Meta- 
tarsals long  and  hollow.  First  digit  in  pes  complete ;  fifth 
metatarsal  represented  by  short  splint  only. 

*  Besides  the  genera  here  mentioned,  C(tlurus,  Compsoynathus,  and  HallopriS 
also  possess  this  character. 
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Laosaurus, 

3maxiIIarie8  edentnlous.  Teeth  small  and  irregular.  Cer- 
.  short  and  flat.  Six  vertebrse  in  sacrum;  no  peg  and 
.  articulation.  Sternum  unossified.  Fore  limbs  small, 
and  foot  bones  hollow.  Prepubis  very  short  and 
dd ;  poBtpubis  slender.  Femur  shorter  than  tibia.  Meta- 
B  elongate.   First  digit  in  pes  functional ;  fifth  rudinientary. 

I^ano8auru8. 


3th  compressed  and  pointed,  and  in  a  single  uniform  row. 
cal  and  dorsal  vertebrse  short  and  biconcave.  Sacral 
brffi  three  (?).  Anterior  caudals  short.  Ilium  with  very 
pointed  front,  and  narrow  posterior  end.  Fore  limbs  of 
rate  size.  Limb  bones  and  others  very  hollow.  Femur 
d  and  shorter  than  tibia.  Fibula  pointed  below.  Meta- 
8  very  long  and  slender. 

e  genera  thus  defined  contain  all  the  known  forms  of  the 
jrpical  Omithopoda  from  the  American  Jurassic.  They 
Qoreover,  the  earliest  representatives  of  this  group  known 
Is  country  from  osseous  remains,  as  such  fossils  have  not 
►een  found  in  the  Triassic,  where  the  oldest  Dinosaurs 
.  Some  of  the  bird-like  footprints  in  the  Connecticut 
sandstone  may  indeed  have  been  made  by  Dinosaurs  of 
jroup,  but  there  is  no  positive  evidence  on  this  point. 
&.merican  Cretaceous  forms  of  the  typical  Omithopoda, 
•  as  at  present  known,  are  all  of  large  size,  and  highly 
ilized,  and  this  appears  to  be  true,  also,  of  the  Old  World 

3S. 

considering  the  relations  of  this  well-marked  group,  here 
I  the  typical   Omithopoda^  with  the  other  two  nearest 

suborders,  the  quadrupedal  Stegosaxcrla  and  Ceratopsia, 
somes  evident,  as  previously  shown  by  the  writer,  that  all 

belong  in  one  great  group,  which  may  be  regarded  as  an 
.  Although  diflEering  widely  from  each  other  in  many 
lie  features,  they  have  a  few  characters  in  common, 
1  are  important  enough  to  bind  them  together,  and  per- 
to  indicate  a  common  origin.  The  most  significant  of  the 
cters  shared  by  all  is  the  predentary  bone,  which  no  other 
brates  possess.      Another  common  character  of   import- 

although  sometimes  nearly  obsolete,  is  a  postpubic  bone 
1  is  present  in  all  Birds,  although  in  some  recent  forms 
udimentary.  A  comparative  series  showing  the  relative 
Dpment  of  the  anterior  and   posterior  branches  of  the 

in   six  genera  of  American   Predentate  Dinosaurs    is 
1  in  Plate  VII. 
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In  recognition  of  the  manifest  relations  of  the  three  groups, 
Omithopoda  as  here  restricted,  Stegaaauria^  and  Ceratapsta^ 
sharply  defined  as  suborders,  they  should  be  placed  together 
in  a  single  order,  which  may  appropriately  be  named  the 
Pbedentata.  This  order  should  oe  regardea  as  of  equal  rank 
with  the  Sauropoda^  the  TherqpodOj  and  perhaps  also  the 
Hallopoda,  as  defined  by  the  wnter,  the  wnole  constituting 
the  subclass  known  as  the  Dinasauria. 

Tale  University  Museum,  New  Haven,  Conn.,  June  15,  1894. 


EXPLANATION  OP  PLATES. 

Plate  IV. 

FiouBE  1. — Skull  of  Camptoaaurus  mediuSj  Marsh;  seen  from  the  left  side. 

Figure  2. — The  same  skull,  with  brain-cast  in  position;  seen  from  above. 
Both  figures  are  one-fourth  natural  size. 

Figure  3. — Tenth  upper  tooth  of  Camptosaurua  mtdius. 

Figure  4. — Fifth  lower  tooth  of  same  species.     Both  figures  are  natural  size. 
a,  outer  view ;  6,  posterior  end  view ;  c,  inner  view. 

Plate  V. 

Figure  1. — Pelvis  of  Camptoaaurus  dispart  Marsh;   seen  from  the  left    One- 
twelfth  natural  size. 

Figure  2. — Left  fore  leg  of  same  species.     One-twelfth  natural  size. 

Figure  3. — Left  fore  leg  of  Camptoaaurus  nanus,  Marsh.   One-foiuth  natural  size. 

Figure  4. — Left  hind  leg  of  Laosaurus  consors.  Marsh.     One-sixth  natural  size. 

Plate  VI. 

Figure  1. — Lower  tooth  of  Laosaurus  censors.    Natural  size,     a,  outer  view: 
b,  posterior  end  view ;  c,  inner  view. 

Figure  2. — Posterior  sacral  vertebrae  of   Camptosaurus  dispar ;  showing  peg  and 
notch  articulation  ;  top  view.     One-fourth  natural  size. 

Figure  3. — Deutary  bone  of  Kanosaurus  agilis,  Marsh;  seen  from  the  left. 

Figure  4. — Ilium  of  same  individual ;  left  side.     Both  figures  are  natural  size 

Figure  5. — Left  femur  of  Kanosaurus  rex.  Marsh.    One-half  natural  size,    a, 
front  view;  6,  side  view;  c,  back  view;  (f,  proximal  end :  e,  distal  end. 

Plate  VIL 

Figure  1. — Left  pubis  of  Laosaurus  consors :   outer  view.   One-fourth  natural  size. 

Figure  2. — The  same  bone  of  Dryosaunis  alftis.  Marsh.     One-eighth  natural  size. 

Figure  3. — The  same  of  Camptosannts  disjmr.     One-twelfth  natural  size. 

Figure  4. — The  same  of  Triceraiops  prorsus,  Marsh.     One-twentieth  natural  size. 

Figure  5. — The  same  of  Claosaurus  annectens.  Marsh.   One-sixteenth  natural  size. 

Figure  (>. — The  same  of  Stegosaums  ungulalus.  Marsh.     One-twelfth  natural  size. 
p,  prepubis :  ]/.  postpubis. 
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Art.  XII.  —  Eastern  Division  of  the  Miohimms  Beds^ 
with  Notes  on  some  of  the  CAaracteristic  rossils;  by 
O.  C.  Marsh. 

In  1871,  the  writer  explored  the  Miocene  deposits  of 
Oregon,  especially  along  the  valley  of  the  John  Day  river, 
and  these  were  again  examined  with  more  care  in  1873.  The 
strata  were  found  to  be  nearly  a  mile  in  thickness,  and 
deposited  in  a  single  lake-basin,  which  was  subsequently  named 
the  John  Day  basin,  from  the  river  that  now  drains  it* 
The  upper  portion  of  these  Miocene  deposits  represented 
a  distinct  horizon,  and  was  named  by  the  writer  the  Miohippus 
beds,  from  one  of  the  most  characteristic  genera  discovered 
in  it.f  Among  other  ungulate  mammals  likewise  obtained 
from  these  strata  were  Dxceratherixim^  a  new  genus  of  the 
Hhinoceros  family,  and  Thinohyus^  a  suilline  form  allied  to 
the  existing  peccaries.  Subsequent  researches  brought  to  light 
other  interesting  fossils  in  this  horizon,  which  has  since  been 
supposed  to  be  represented  only  on  the  Pacific  coast. 

The  Miocene  strata  on  the  eastern  slope  of  the  Rocky  moun- 
tains have  long  been  recognized  in  two  distinct  horizons,  the 
lower  known  as  the  Titanotherium,  or  Brontotherium,  beds, 
from  the  huge  mammals  which  they  contain,  and  above  these, 
the  Oreodon  beds,  of  which  that  genus  is  characteristic. 

Various  vertebrate  fossils  have  been  obtained  from  time  to 
time  in  the  eastern  Miocene  deposits,  which  were  not  known 
to  occur  in  either  of  the  two  horizons,  but  only  of  late  have  the 
uppermost  strata  been  recognized  as  distinct  from  the  Oreodon 
beds  on  which  they  rest.  The  horizon  thus  indicated  has 
been  named  by  Wortman  the  Protoceras  beds,  from  a  most 
remarkable  genus,  Protoceras^  recently  found  in  them,  and 
described  by  the  writer.:}: 

An  examination  of  material  from  this  horizon,  recently 
made  by  the  writer,  brought  out  the  interesting  fact,  that 
the  genus  Miohippus  is  one  of  its  characteristic  fossils,  and 
that  the  type  species,  M,  annectens^  Marsh,  described  in 
1874  from  the  Oregon  beds,  is  present.  Diceratherium^ 
ThinohyuSy  and  other  genera  typical  of  the  western  strata,  are 
also  found  in  the  eastern,  so  that  it  is  now  demonstrated 
that  the  Miohippus  horizon  has  an  eastern  as  well  as  a 
western  division,  a  fact  of  much  scientific  interest.  Doubtless 
each  division  will  be  found  to  contain  certain  forms  peculiar 
to  itself,  even  if  all  are  contemporaneous,  a  question  which 
future  discoveries  must  decide. 

♦  This  Jouraal,  vol.  ix,  p.  52,  January,  1875. 
f  Ib%d,y  Tol.  xiv,  p.  355,  November,  1877. 
%  Ibid.j  vol.  zli,  p.  81,  January,  1891. 
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The  next  Tertiary  horizon  higher  np  has  been  regarded  by 
the  writer  as  of  Pliocene  age,  and  named  the  Pliohippus  beds, 
from  one  of  the  characteristic  eqnine  genera  contamed  in  it. 
This  horizon  is  a  very  extensive  one,  and  has  been  identified 
by  the  writer  at  various  p)oint6  along  the  eastern  side  of  the 
Rocky  mountains,  from  Canada  to  the  Onlf  of  Mexico. 
Essentially  the  same  deposits  were  likewise  fonnd  by  the 
writer  in  1871  above  the  Miohippos  beds  in  Oregon.  Strata 
of  still  later  age,  named  bv  the  writer  the  Equus  beds,  occur  in 
the  same  regions,  east  and  west,  often  covenng  the  Pliohippus 
deposits. 

Among  the  fossils  of  the  eastern  Miohippue  beds,  the  artio- 
dactyle  mammals  play  an  important  part,  and  a  few  of  the  more 
interesting  of  these  are  noticed  in  the  present  article.  The 
Protoeeraa  family  is  of  paramount  interest,  and  the  specimens 
in  the  Yale  Museum  promise  to  add  considerable  to  what  is  now 
known  of  this  group.  The  interesting  family  Aoriochoerida 
also  occurs  in  this  horizon. 

Another  family,  the  AnthracothertdcB^  is  well  represented, 
and  contains  some  of  the  largest  mammals  of  the  horizon. 
Two  of  these,  briefly  noticed  l)elow,  are  now  known  only  by 
fragmentary  remains,  some  of  which  are  characteristic.  The 
two  figures  in  the  text  show  respectively  a  last  upper  molar  of 
each  of  these  animals.  A  comparison  of  these  figures  indicates 
that  the  two  animals  were  quite  distinct  from  each  other, 
although  about  the  same  size,  and  perhaps  nearly  related. 

Octacoclon  valens^  gen.  et  sp.  nov. 

The  tooth  represented  natural  size  in  figure  1  below  may  l)e 
regarded  as  the  type  of  the  present  genus  and  species.  It  is 
the  last  upper  molar  of  the  right  side,  and  is  in  fine  preserva- 
tion. The  slight  wear  of  the  tooth  shows  that  the  animal  was 
adult.  There  are  five  main  cusps  in  the  crown,  two  on  the 
posterior  half,  and  three  on  the  anterior,  the  antero-median 
cusp  being  the  smallest.  On  the  outer  margin  of  the  tooth 
are  three  prominent  buttresses  with  conical  summits,  making 
in  all  eifj^lit  prominences  on  the  crown,  which  feature  has 
sugt»estea  the  generic  name. 

The  three  conical  buttresses  on  the  outer  border  of  this 
tooth,  all  strongly  developed,  will  serve  to  distinguish  it  from 
the  corresponding  molar  ol  IIuopoiariiuH^  whicli  in  several 
respects  it  reseniblesJ.  In  that  genus,  the  main  cusps  are 
much  more  elevated.  Ileptacodon^  perhaps  an  allied  form, 
has  a  similar  buttress  at  the  anterior  angle,  but  none  at  the 
posterior.  An  up])er  incisor  found  with  tlie  present  tooth, 
and  doubtless  pertaining  to  the  same  individual,  has  a  very 
short,  compressed  crown,  with  a  strong  inner  basal  ridge, 
making  the  inner  face  deeply  concave. 
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Heptacodon  arnialue,  sp.  nov, 
■e  3,  below,  represents  natural  size  the  last  right  upper 
>f  another  large  angalate  mammal,  the  exact  affinitiee 
h  cannot  now  be  determined.  This  tooth  is  considera- 
□,  showing  that  it  belonged  to  an  old  animal.  The 
ng  molare  and  part  of  the  premolar  in  the  same  series 
erved,  and  with  them  a  very  large  canine  still  in  posi- 
the  jaw.  All  are  worn,  bat  otherwise  in  good  preserva- 
?he  tooth  ligured  has  a  crown  composed  of  tive  main 
;he  antero-median  being  the  smallest.  The  outer  but- 
ire  of  moderate  size,  and  there  is  none  at  the  posterior 

The  enamel  of  this  tooth  and  of  all  the  Beries  is  ragose. 
te  molare  differ  greatly  in  size,  the  first  being  quite 
he  second  intermediate,  and  the  last  equal  in  bulk  to 

others. 

last  premolar  has  one  outer  and  one  inner  cusp.  The 
oth  in  front  ie  larger,  and  has  a  triangular  crown,  and 
b  is  close  to  it.  The  canine  is  very  large,  dependent, 
1  in  section.     Behind  it  is  a  long  diastema. 


r  malar  ol   Oclacodon  valtnt,  Unrsh ,-  »«a  from  below. 
toutU  of  Hfpiacodon  armalu),  Mnrsh;  seen  from  below. 
Both  figures  are  Qatiiral  size, 

Frotoceraa  comptus,  sp.  nov, 
3ond  species  of  this  interesting  genus  is  indicated  by  a 
skull  from  the  same  horizon  in  which  the  type  was 
This  specimen,  apparently  the  skull  of  a  female,  is  in 
reservation,  and,  wnen  compared  with  the  type,  difEers 
■al  essential  points.  The  maxillary  plates  are  not  ele- 
!ong  the  sides  of  the  nasal  aperture,  and  the  posterior 
stend  forward  to  between  the  first  true  molars.  The 
kull  is  proportionally  more  elongate,  and  the  facial  part 
ly  produced. 


Z' ,"  i:.i.:....i.-^  T'-ur-rr    z  Tii't  ^iL^:*  L.-»r  i-i*:  *7  o'.eit  in  from. 

:■•-::.■  .*-"■-.  L.-.':  ■■i^.  -:;l1'  t-  ^t-.*.  "t:^'  f.i"c-i.i  tM-aa  them  to  the 
:.■.■_:  :  '.:-.  zl.a'-.  Ti*z  ^  l-^"^  i^  :-eir r- .7  :irr».'we»1  behind 
■~  -.-  •  "t-  Tibi.-ij:  '"ibiivu-:  :..  zi-z  ?.irn-:-ri-::aI  foramina. 
T  .T  :  1----L.  .".  UiTttt  -i-.v  i  ."i^.:rL":~  1:  t-r  pi-'i:.:*  where  the 
;.  .—_-:•  -r-  r  i_ :  j."t-'  1j.~t  i:  :t*a^4-L  Tlr  entire  length  of 
"It  -ii       •   ti.i:  r^-i:  .n.'!le-.  11.1  fr: zi  :Lr  :r>a:  to  the  end 

7:.^  : -:s-r~:  T-rtr  --fi.—iz  -?  1  rjnll  :n  :i:r  preservation. 
.-.  :.::i".-".'  -  :i.  71:1:  lt.  ili..  tI::!  w-her*  ^lire  was  :ihout 
._!.:  :.-  .i.-^Tr  1--  1  -r'i'.  I-  i"*  ^c-f-ril  form  and  in  TUo>t  of 
*-  .:."  .:t>.  :':.>  ?i:  .  i^-r^rs  ?•:•  .''.tj^ly  with  the  type  of 
/^  ■-•-••  L-  :■  -ijj-rj:  i:  ;'>r  ?-;•— r  i^-itv  lie: ween  the  two. 
i..T  "t:.".:.  -_  zr^-^.r^i'i  :z  zlr  rrezi'^.ir  aaJ  molar  series i? 
r-.r-r'.'iil."  :_-f:  r.ii_r.  T..r  IL'l  iiiixil'.irv  plites  joiuiug  the 
-;.  .-.  ■  ...'.r-i  r. -.sjl".-:  :!.r  ire:-  !i.:!i7j:nr.  fossa:  and  the  po?- 
•-;.  .•  :  .:  -:r  :-j!t  :-.>^:  >:!.:r. :.  ill  siiiTirest  an  allv  of 
/' '  •   .       '.    ■  -::   :Lr    :  i-'irtj.!  r,  l^es   ^re   here   elevated  into 

T./-   T.-:  :.!   •TJ-vii  ..^'.!r:'.!e:rr  ^vis  A"»ur  six  inches  in  lenjrth. 

T;.-:    I:-:^'. :-?  zt.ijl  :Lr  fr  :.:  .^f  ::-e  nasals  to  the  junction ot 

•"..  ■     ■;:-:•  i".  .r*-:?  !-    .*'  ■:;:  :  ur  :r.y:.es  ar.d  a  half.     The  space 

-J        .  -  :    ■  V -;.--   ;  ■>:   -"..-TV   :  rv  :'..'.  ir^  and  the  trne  molars  i? 


T.'     •■  ,  .•   •  '■   •:■.!*.  5p.  nov. 

A  -v  -V  iv-  •■:  :':.>  jv:.".s  :-  in  ii«M:ei  hy  a  nearly  perfect 
->....  ;.:;!-  -:.  '-.v-  ::..;:.;.■  rvariir'.-?  -'f  interest.  It  indicates :in 
.::.!;.. 1!  :..i  ■;.  !.:i-_:vr  ri.in  tiit*  rv;»e  from  Oregon,  and  one 
-.;.':.'. V  -  .-:-::■•■  in  .-ize  :■:•  ::.o  e.xistinir  collared  poccarv.  in 
.'.■.■:.v  :•-:.•■;--.  i:  yv-fTiiMt-  ::i».'  latter  so  much,  that  it  may  b^ 
'■'•:.-.'•;■■;•-:  ■'::•.-  '-:"  it-  •iirt-or  AiicestiTS. 

T:.«-  jii'-'fii":  .■sp"-.'i».-  ha-  tiit*  full  complement  of  teeth,  fortv- 
'■■I.:.  :;  I*-  *]:r  -\<-\'.\  hvi-  -li- •.'■toucvi.  SO  that  the  lirst  upper  pre- 
ii.'.M'  ...i"  :»•••;::  ••!■« »\viled  i:i<iik*  the  vauine.  The  teeth  an? 
j'!'.:i'.i  T'-rM^'.-iy  lariivi'  tlian  in  If'*of»jh.i.  The  last  upper 
ii»-;.;ij-  :-  -riMi!»:.'-  tli.iii  r!i»'  tiist  or  second.  The  last  premohir 
\\.i  f -.vo  oi;-»;r  r;..!!;.--,  au'I  o!!..-  insidf.  The  space  occupied  hv 
r'l'-  'hr*--  nj.p.'i*  iii'.ii.ir-  i-  "in.*  and  three-fourths  inclies,  and  the 
'■■:>••' if  'W"  rli'?  <-rjrirt:;  d».-Mr.jI  s:*ries  is  live  inches.  The  whole 
■lull'  i    ;i'»"iir  ii:ii«r  :ijr-ln>  in  k'nirth. 
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Art.  XIII. — On  Certain  Astronomical  Conditions  favorable 
to  Gla>ciation;  by  Geo.  F.  Becker. 

The  influence  of  local  terrestrial  conditions  on  glaciation  is 
manifest  to  observers,  and  few  geologists  will  entertain  the 
idea  that  cosmical  conditions  alone  can  have  determined  the 
glacial  epoch.  Yet  variations  in  the  elements  of  the  earth's 
orbit  have  certainly  influenced  climate,  and  they  must  have 
influenced  it  more  favorably  to  glaciation  at  some  periods  than 
at  others.  The  nature  and  extent  of  this  influence  have  been 
much  discussed  ;  but  it  seems  to  me  that  further  light  can  be 
thrown  upon  the  subject  by  considering  in  detail  the  distribu- 
tion of  solar  energy  with  reference  to  latitude,  and  the  rate  at 
which  this  energy  is  received  during  the  two  great  seasons 
separated  by  the  equinoxes. 

The  elements  of  the  earth's  orbit  undergo  slow  variations, 

and  three  of  these  variations  affect  climate.      The  time   at 

which  the  earth  is  in  perihelion  affects  the  length  of  the  two 

great  seasons.      If  perihelion  coincides  with  either  equinox, 

the  seasons  are  of  equal  length.     If  perihelion  coincides  with 

either  solstice,  the  seasons  differ  in  length  as  much  as  they  can 

for  a  given  eccentricity  of  the  orbit.     The  whole  time  which 

intervenes  between  the  occurrence  of  seasons  of  equal  length 

and  that  of  seasons  of  the  most  diverse  length  is  five  or  six 

thousand  years,  being  the  time  required  for  tne  precession  of 

the  equinoxes  to  amount  to  a  right  angle.     The  eccentricity  of 

the  earth's  orbit  determines  the  possible  difference  between  the 

Seasons,  and  it  slightly  affects  the  mean  distance  of  the  earth 

from  the  sun,  so  that  at  a  period   of  high  eccentricity  the 

trorld  receives  a  little  more  heat  than  it  does  at  a  period  of 

Ak.  Joub.  Scl— Thibd  SsBiBSy  Vol.  XLVIII,  No.  284— August,  1894. 
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zero  eccentricity.*  It  is  mechanically  possible  for  the  eccen- 
tricity to  become  zero,t  and  it  is  never  a  large  quantity.  The 
latitude  of  the  tropical  circles  also  flnctuates  within  somewhat 
narrow  limits,  and  of  course  the  polar  circles  fluctuate  corre- 
spondingly. There  appear  to  be  no  other  changes  in  the  orbit 
which  can  affect  the  accumulation  of  ice,  and  aU  of  these  have 
been  considered  before  now. 

Dr.  James  Croll,  as  is  well  known,  attributed  the  glacial 
epoch  to  the  more  or  less  indirect  action  of  the  difference  in 
the  length  of  the  seasons,  some  35  days,  which  occurs  when 
the  eccentricity  is  high.J  Sir  Robert  Ball  dwells  upon  the 
difference  in  the  amount  of  heat  received  in  the  two  seasons 
by  an  entire  hemisphere,  and  he  regards  the  low  rate  at  which 
the  winter  hemisphere  receives  sunshine  when  the  winter  has 
its  greatest  length  as  an  explanation  of  the  ice  age.  This 
astronomer  computed  that  the  proportion  of  heat  received  dur- 
ing warm  season  (irrespective  of  its  length),  is  expressed  by 
\  +  sine/n-,  where  e  is  the  latitude  of  the  tropical  circles,  and  at 
present  this  fraction  is  expressed  numerically  bv  0*627.  Thus 
at  the  period  of  greatest  eccentricity  three  eighths  of  the  entire 
heat  of  the  year  may  be  spread  over  a  winter  some  two  hun- 
dred days  in  length.§ 

Sir  Robert  quotes  a  passage  from  Sir  John  Herschell  from 
which  it  appears  that  this  famous  astronomer,  at  least  momen- 
tarily, assumed  that  each  hemisphere  would  receive  the  same 
amount  of  heat  in  each  of  the  two  great  seasons,  so  that  the. 
difl'erenee  of  climate  would  depend  solely  on  the  length  of  the 
season.!  If  Herschell  was  under  this  impression,  the  mistake 
was  a  tein})orary  one ;  for  a  page  or  two  before  the  passage  in 
wliieli  the  erroneous  statement  is  found  he  says: — "JSow  the 
teni])erature  of  any  part  of  the  earth  depends  mainly  on  it< 
exposure  to  tlie  sun's  rays.  .  .  .  Whenever  then  the  sun  re- 
mains more  than  twelve  hours  above  the  horizon  of  any  place, 
and  less  beneath,  the  general  temperature  of  that  place  willl»e 
above  the  average ;  when  the  reverse  below.  As  the  earth, 
then,  moves  from  A  to  J^,  the  days  growing  longer,  and  the 
nights  sliorter  in  the  nortliern  hemisphere,  the  temperature  of 
every  i)jirt  of  that  hemisphere  increases  and  we  pass  from 
spring  to  summer." 

This  is  of  course  the  usual  explanation  of  the  seasons  to  be 
found  in  all  astronomies  and  physical  geographies.  If  it  were 
true  that  a  hemisj)here  received  the  same  amount  of  heat  in 

*  See  the  note  appended  to  this  paper  on  the  calculation  of  sunshine  per  unit 
area. 

f  Cf.  J.  X.  Stoekwen,  Smiths.  Cont.  to  Knowledge,  vol.  xviii,  1873, 
X  ( -Umate  and  Time. 
i<  Cause  of  the  Ice  Age.  1892. 
Outlines  of  Astronomy,  §  3G8  (c)  in  9th  ed.  1867. 
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each  CTeat  season,  the  winter  would  always  be  the  long  season, 
and  therefore  winter  would  occur  in  both  hemispheres  at  the 
same  time !  It  appears  from  the  paragraph  following  that  in 
which  the  mistake  occurs,  that  Herschell  was  thinking  partic- 
ularly of  tropical  climates.  Now  at  the  equator  it  is  literally 
true  that  the  heat  received  in  summer  and  in  winter  is  the 
same,  as  will  be  shown  in  the  second  part  of  this  paper, 
and  the  application  which  Herscheli  makes  of  his  equal 
division  is  to  explain  the  alleged  great  intensity  of  summer 
heat  in  the  tropical  regions  of  Australia  as  compared  with  those 
of  northern  Africa.       - 

While  at  or  close  to  the  equator  the  heat  received  in  each 
season  is  the  same,  at  the  poles  all  of  the  heat  is  received  in 
sammer.  Hence  while  it  is  true  that  with  the  present  obli- 
quity only  about  three-eighths  of  the  entire  heat  received  by  a 
hemisphere  is  received  in  winter,  this  fact  helps  but  little 
towards  an  explanation  of  climate.  The  distribution  of  heat 
between  the  seasons  varies  with  the  latitude,  and  to  form  any 
just  idea  of  the  effect  of  eccentricity  on  climatic  conditions  one 
most  know  the  heat  received  per  unit  area  in  any  latitude. 

The  method  of  finding  the  amount  of  sunshine  per  unit  area 
between  equinoxes  is  very  simple  in  principle.  The  great  cir- 
cle bounding  the  illuminated  half  of  the  earth  is  called  the 
circle  of  illumination,  and  is  represented  by  the  right  hand 
circle  in  figure  1.     Any  parallel  of  latitude  projected  onto  the 


• 


FiouBE  1.— Circle  of  Illumination. 

circle  of  illumination  becomes  an  ellipse,  e.  g.,  the  ellipse  r,  *,  t 

The  heat  received  between  this  parallel  and  the  pole  while  the 

sun  remains  in  the  same  position  will  be  proportional  to  the 

crescentic  area  marked  W.     If  one  supposes  a  second   parallel 

yrerj  close  to  the  first,   say  at  the  unit  distance  from  it,  the 

narrow  interval  between  their  projections  will  be  proportional 

to  the  heat  received  upon  a  zone  of  the  earth's  surface.     These 

conditions  apply  only  to  an  instant  of  time  because  the  declina- 
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tion  of  the  sun  varies  from  zero  at  the  equinoxes  to  23°  27'  at 
the  solstices.  The  next  step  is  to  find  the  average  area  on  the 
circle  of  illumination  representing  the  projection  of  the  narrow 
zone  from  equinox  to  equinox.  When  this  is  accomplished, 
one  has  only  to  multiply  the  result  by  the  time  interval  and 
divide  by  the  length  of  the  parallel  of  latitude  to  obtain  the 
area  on  the  circle  of  illumination  representing  the  solar  radia- 
tion received  per  unit  area  of  the  earth's  surface  between  the 
autumnal  and  the  vernal  equinoxes.  The  unit  in  which  radia- 
tion is  measured  may  be  arbitrarily  chosen  and  as  arbitrarily 
changed,  provided  that  it  is  employed  for  all  latitudes.  I  have 
chosen  one  which  is  convenient.  It  and  the  formulas  for 
computation  arc  explained  in  a  note  appended  to  this  paper. 

The  heat  received  per  unit  area  between  equinoxes  is  inde- 
pendent of  the  length  of  the  season  being  proportional  to  the 
cliano;e  of  the  earth's  longitude  in  its  orbit.*  The  average  rate 
at  wliieh  heat  is  received  during  one  of  the  great  seasons  is 
therefore  merely  the  total  heat  per  unit  area  divided  by  the 
length  of  the  season. 

The  radiant  energy  per  unit  area  depends  to  a  slight  extent 
uj)on  the  eccentricity  of  the  orbit,  if  u^  is  the  energy  per 
unit  area  for  zero  eccentricity,  and  u  the  energy  for  eccentri- 
citv  e,  then 

U  =  --  _! :. 

V\-e' 

Thouirh  the  diiference  is  sinall,  it  is  perfectly  easy  to  take  it 
into  consideration,  and  this  I  have  done. 

At  the  present  time  the  warm  season  in  the  northern 
hemisphere  is  a])proximately  180  days  10  hours  longf  or 
J-n^nS  times  half  the  year.  The  eccentricity  of  the  orbit 
is  ()*()1})77,  so  that  if  P  is  the  present  mean  rate  at  which 
snnsliine  is  received  per  unit  area  in  summer  in  the  northern 
hemisphere  and  L  the  length  of  the  summer;}: 

P  =  --  ^,^'—-=r  =  0-97078  <r. 

So  U)()  if  y>  is  tin?  ])resent  winter  rate  I  find 

J}  =  1-021;^ 8  n^, 

*  Tlu'  heat  roccivtM]  on  the  area  when  the  earth  is  in  a  given  position  i?  directly 
as  tlie  time  ami  inversely  as  I  lie  square  of  the  distance,  r,  from  tlie  sun.  In  au 
instant  therefore  it  is  proportional  to  df/j-'-.  By  Kepler's  first  law  this  is  equal 
to  (li^  It  where  i^  is  longitude  and  A  a  constant. 

f  SfO  Nautical  Almanac  for  1895. 

I  Tlie  coetVicients  are  .-tated  to  live  figures  not  because  they  are  of  thcmsc'.Tes 
of  interest  to  tliis  degree  of  accuracy,  but  because  in  checking  the  tabulated 
values  the  numbers  reallv  used  should  bo  known. 
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The  exact  value  of  the  greatest  possible  eccentricity  of  the 
earth's  orbit  is  somewhat  uncertain.  It  is  dependent  upon  the 
masses  of  the  planets,  and  these  are  not  determined  with  final 
accuracy.  It  is  not  far  from  0*07  and  I  shall  assume  that  it  is 
0-0745,  the  value  taken  by  Sir  Eobert  Ball.  The  greatest 
possible  difference  between  the  seasons  occurs  when  the  long 
season  is  (1  +  4^/;r)  times  half  the  year ;  and  if  X  and  x  are  the 
mean  rates  of  receipt  of  sunshine  during  the  long  and  short 
seasons  respectively  for  greatest  eccentricity  and  greatest  differ- 
ence between  seasons  in  the  hemisphere  where  the  winter  is 
long,  I  find 

X  =  I-IOTSS  u. 


X  =  0-91590  w". 


The  values  are  tabulated  below  with  two  other  sets  of  values 
to  be  explained  presently.  The  diagrams,  figures  2  and  3, 
show  the  rates  graphically,  but  before  commenting  upon  the 
differences  between  the  curves  it  is  desirable  to  consider  how 
the  present  distribution  of  heat-rates  is  related  to  climate  as 
known  by  observation. 

No  one  doubts  that  temperature  is  dependent  in  some  man- 
ner tipon  solar  radiation,  but  the  phenomena  are  complicated 
not  only  by  the  transfer  of  heat  from  one  locality  to  another 
through  the  agency  of  currents  of  air  and  water,  but  also  by 
the  selective  absorption  of  the  atmosphere,  and  it  is  a  question 
therefore  how  far  the  mere  receipt  of  sunshine,  or  what 
Humboldt  called  *'  the  astronomical  climate,"  can  be  made  to 
explain  actual  climate.  That  absorption  of  radiant  energy  by 
the  atmosphere  affects  climate  has  long  been  understood. 
Energy  of  different  wave  lengths  however  is  differently 
absorbed  by  the  same  gas,  and  different  gases  absorb  energy 
differently  ;  so  that  the  subject  is  one  of  great  complexity. 
According  to  Prof.  S.  P.  Langley,*  the  temperature  of  an  air- 
less planet,  even  under  a  vertical  sun,  would  be  little  above  the 
freezing  point  of  water  ;  and  of  course  the  unilluminated  part 
of  such  a  planet  veould  tend  toward  the  absolute  zero.  Hence 
the  actual  temperature  of  the  earth  is  determined  to  a  very 
great  extent  by  selective  absorption  of  the  atmosphere.  No 
doubt  this  has  always  been  the  case,  and,  since  the  composition 
pf  the  air  must  have  changed  as  geological  time  progressed,  it 
is  highly  probable  that  differences  in  selective  absorption  have 
determined,  or  partly  determined  the  differences  in  mean  tem- 

*  The  Temperature  of  the  Mood.  Nat  Acad  of  Sci ,  vol.  iv.  part  II.  1889,  page 
JM.  The  ooDclusion  drawn  from  observations  on  Mt.  Whitney,  that  an  airless 
phnet  would  fall  far  short  of  zero  C,  is  modified  in  this  passage. 
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perature  at  different  epochs  *  The  glacial  epoch  is  relatively 
speaking  so  recent  that  the  composition  of  dry  air  was  probably 
much  the  same  then  as  now ;  but  even  moisture  affects  absorp- 
tion of  heat  rays,  greatly  increasing  it,  so  that  relatively  moist 
air  tends  to  become  hotter  while  dry  air  tends  to  sink  below 
the  average  temperature. 

It  is  notorious  that  climate  is  enormously  affected  by  oceanic 
currents,  themselves  due  to  winds  of  prevalent  direction,  and  it 
would  therefore  be  in  vain  to  seek  any  very  close  relation 
between  temperature  and  solar  radiation  m  littoral  areas.  On 
the  other  hand,  in  the  interior  of  the  continents,  where  air 
currents  alone  distribute  the  heat  received  from  the  sun,  it 
seems  possible  that  a  relation  may  show  itself.  Considering 
the  facts  presented  above  it  seemed  to  me  that  a  reasonable 
trial  hypothesis  would  be  this : — The  average  variation  of  tem- 
perature from  a  certain  mean  in  purely  continental  areas  during 
a  great  season  may  be  nearly  proportional  to  the  mean  rate 
at  which  solar  energy  is  received  during  that  season. 

In  an  ideally  continental  climate  the  summers  will  be  hotter 
and  the  winters  will  be  colder  than  in  any  real  climate,  since 
the  actual  tendency  is  always  toward  an  equalization  of  tem- 
perature. Hence  to  test  the  trial  hypothesis  it  is  required  to 
know  the  lowest  latitudes  to  which  mean  winter  isotherms  de- 
scend in  continental  areas,  and  the  highest  latitudes  which 
mean  summer  isotherms  reach.  In  this  enquiry  the  lag  of 
heat  effects  would  have  to  be  taken  into  consideration,  so  that 
the  seasons  for  temperature  would  not  be  divided  by  the  equi- 
noxes. I  do  not  know  of  any  isothermal  charts  suitable  for  the 
enquiry  in  this  form.  The  next  best  material  would  be  charts 
for  the  two  extreme  months,  January  and  July,  for  though 
such  charts  would  give  temperatures  exceeding  the  means  in 
intensity,  these  temperatures  would  probably  be  proportional 
to  the  means.  In  other  words  it  is  probable  that  the  tempera- 
ture curve  for  a  representative  cold  winter  is  derivable  from 
that  of  a  representative  warm  winter  by  projection. 

Proceeding  on  this  assumption  I  collected  data  from  Mr.  A. 
Buchan's  January  and  July  charts  based  on  the  mean  observa- 
tions for  eleven  vears.+     The  lowest  latitudes  to  which  each 

ft' 

isotherm  descended  in  January  in  Asia  and  in  North  America 
were  noted  and  the  highest  latitudes  to  which  they  ascended  in 
July.     They  are  recorded  in  the  following  table. 

*  It  iy  substantially  certain  tliat  ilie  sun's  own  heat  has  varied.  The  record  of 
its  variation  must  exist  in  the  rocks,  but  as  a  palimpsest.  The  greater  equahilitr 
of  the  earlier  climates  seems  to  me  explicable,  at  present,  only  by  greater  atmo- 
spheric absorption. 

f  Kncyc.  Brit.,  l^th  ed.     Art. :   Meteorology. 
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Deg.  F. 

Lowest  January  Latitude. 

Highest  Julj  Latitude. 

Isotherm. 

Asia. 

N.  America. 

Asia. 

N. 

America. 

-50° 

60° 

«  M  <■  » 

—  40 

63 

•  «  •  « 

—  30 

59 

64 

—20 

55 

56 

—  10 

46 

52 

0 

45 

49 

+  10 

42 

47 

20 

38 

42 

30 

36 

39 

40 

27 

34 

77 

m    m    m    ^ 

50 

25 

31 

72 

69 

CO 

21 

W       M      M      • 

68 

66 

70 

17 

M   a    —   a 

59 

56 

80 

10 

•  w  M  » 

48 

46 

90 





39 

43 

Some  of  these  temperatures  are  affected  to  a  greater  or  less 
extent  by  the  neighborhood  of  water  as  may  be  seen  from  the 
charts.  Thas  the  polar  sea  must  certainly  have  a  cooling  effect  in 
Siberia  in  summer  at  latitude  77,  and  40°  must  be  there  somewhat 
too  low  a  reading  for  a  continental  climate  in  July.  Similarly 
in  winter  70°  and  80°  must  be  rather  higher  than  the  isotherms 
in  winter  would  be  in  southern  Asia  if  land  continued  south- 
ward. Again  the  great  elevation  of  Central  Asia  and  of  the 
Rocky  Mountain  region  must  give  summer  readings  lower 
than  would  be  recoraed  were  these  areas  at  sea-level. 

Imperfect  as  these  data  are,  they  seem  the  best  available, 
and  as  such  they  are  entered  in  diagram  2,  an  arbitrary  unit 
being  selected  as  representing  a  Fahrenheit  degree.  Each  X 
represents  an  Asian  observation,  and  each  Y  a  North  Ameri- 
can one. 

It  will  be  observed  that  the  points  representing  temperatures 
lie  remarkably  close  to  the  curves  representing  the  present  rate 
of  receipt  of  solar  energy,  and  thus  seem  strongly  confirma- 
tory of  the  trial  hypothesis  which,  it  may  be  well  to  state,  was 
not  framed  to  fit  the  temperature  observations.  A  still  closer 
agreement  would  be  obtained  by  using  a  somewhat  larger  unit 
for  temperature.  The  climate  represented  by  the  curves  is 
intentionally  shown  as  somewhat  more  extreme  than  the  ob- 
served climate  because  such  would  be  the  case  if  the  air  were 

• 

inimobile.  It  might  be  easy  to  lay  too  much  stress  on  the 
close  agreement  of  the  curves  and  temperatures.  I  desire  to 
draw  but  one  conclusion  from  it,  viz :  tne  mean  rate  at  which 
SDDshine  is  received  per  unit  area  in  continental  climates  is  so 
ioiportant  an  element  in  determining  the  seasonal  deviation 
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from  the  mean  temperature,  that  the  curves  representing  mean 
rate  afford  a  sound  basis  for  comparison  between  contmental 
climates  for  different  values  of  the  eccentricity  of  the  earth's 
orbit  or  for  different  values  of  obliquity  of  the  ecliptic,  the 
composition  of  the  atmosphere  and  the  intensity  of  solar  radia- 
tion being  supposed  constant.  This  conclusion  seems  to  me 
fully  justified  by  diagram  2,  and  it  will  be  assumed  in  what 
follows. 
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Heat  rates  for  present  conditions  in  each  of  the  great  seasons.  The  rates  for 
zero  eccentncity  and  present  obliquity  are  shown  by  dotted  lines.  Points  marked 
X  are  Asian  mean  temperatures  in  January  and  July.  Points  marked  Y  are  ^ortb 
American  mean  temperatures  for  the  same  months. 


In  considering  the  eflFect  of  secular  variations  of  the  earth's 
orbit  on  the  accumulation  of  ice,  certain  criteria  of  climate 
must  be  fixed  upon.  So  far  as  I  can  see,  the  conditions  pre- 
vailing in  a  glaciated  lieniisphere  should  be  as  follo\^'s.  The 
torrid  and  lower  temperate  zone,  in  which  evaporation  chiefly 
takes  place,  should  be  as  w^arm  as  is  consistent  with  other  con- 
ditions ;  for  it  must  be  remembered  that  the  tension  of  aqueous 
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Heat-rates  for  Northern  Summer. 


Lat. 

P 

N 

X 

B 

0° 

0-9397 

0-9592 

1-0626 

0-9562 

10 

0-9945 

1-0150 

1-1245 

1-0144 

20 

1-0216 

1-0427 

1-1552 

1-0467 

30 

1-0208 

1-0419 

1-1543 

1-0489 

40 

0-9930 

1-0135 

1-1229 

1-0245 

50 

0-9411 

0-9605 

1-0642 

0-9762 

60 

0-8721 

0-8901 

0-9862 

0-9111 

A 

0-8270 

0-8441 

0-9352 

0-8768 

70 

0-8116 

0-8283 

0-9176 

0-8687 

80 

0-7869 

0-8032 

0-8898 

0-8381 

90 

0-7798 

0-7969 

0-8818 

0-8326 

Heat-rates  for  Northern  Winter. 

Lat. 

P 

n 

X 

b 

0^ 

0-9797 

0-9592 

0-8785 

0-9552 

10 

0-8955 

0-8768 

0-8030 

0-8698 

20 

0-7869 

0-7705 

0-7057 

0-7610 

30 

0-6577 

0-6439 

0-5898 

0-63*26 

40 

0-5127 

0-5019 

0-4697 

0-4893 

50 

0-3583 

0-3508 

0-3213 

0-3384 

60 

0-2051 

0-2009 

0-1840 

0-1901 

A 

0-1164 

0-1140 

0-1044 

0-1198 

70 

0-0821 

0-0804 

0-0736 

0-0764 

80 

0-0198 

0-0194 

0-0177 

0-0182 

mdp  stand  for  present  obliquity,  eccentricitj  and  length  of  seasons, 
and  n  stand  for  present  obliquity,  23®  27'  and  zero  eccentricity, 
md  X  stand  for  present  obliquity,  eccentricity  =  0*0745,  and  greate&t  differ- 
of  seasons. 

md  b  stand  for  obliquity  =  24*36'  and  zero  eccentricity, 
n,  B  and  b  are  computed  from  the  formulas  developed  in  the  note  appended 
s  paper  which  P,  p,  X  and  x  are  derived  from  N.  and  n  as  explained  in  the 
The  rates  for  the  southern  hemisphere,  shown  in  diagram  h,  are  identical 
those  in  the  northern  hemisphere  except  in  the  case  of  greatest  eccentricity 
they  are  multiples  of  those  in  corresponding  northern  latitudes, 
represents  the  latitude  of  the  arctic  circle,  or  66''  33'  in  all  cases  excepting 
of  B  and  b  for  which  A  =  65"  24'. 

>r  increases  much  more  rapidly  than  temperature*  and  so 
must  the  rate  of  evaporation.  On  the  other  hand  the  cold 
igh  latitudes  must  be  great  to  promote  condensation  in  the 
I  of  snow  ;  besides  which  the  temperature  gradient  should 
igh  or  steep  because  the  energy  available  for  wind,  and  for 
T  currents  due  to  winds,  is  in  direct  proportion  to  the 
rence  of  temperature.  The  great  foe  to  glaciation  in  sum- 
is  rather  warm  rain  than  sunshine,  for  warm  rain  represents 
transferred  from  lower  latitudes  to  higher  ones.     A  cer- 

he  tension  is  a  function  of  the  temperature,  and  this  function  is  not  linear. 
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tain  amount  of  ennshine  in  high  latitudes  will  not  seriously 
diminish  the  accumulation  of  n6ve ;  for  a  great  part  of  the 
winter  snowfall  has  a  temperature  far  below  freezing  ;  and  in 
summer,  water  resulting  from  superficial  melting  will  freeze 
again  as  it  percolates  through  subjacent  snow  until  the  entire 
accumulation  of  the  past  wmter  is  raised  to  the  melting  point 
Such  a  process  is  apparently  essential  to  the  formation  of  gla- 
cier ice.  While  a  portion  of  the  direct  sunshine  is  harmlessly 
employed  in  converting  snow  to  ice,  another  and  very  large 
part  will  be  reflected  from  the  neve  fields.  Hence  it  seems  to 
me  that  the  features  of  a  summer  climate  in  a  glaciated  hemis- 
phere which  are  most  favorable  to  ice  accumulation  are  cool 
tropics  and  a  low  temperature  gradient  toward  the  pole,  even 
if  the  direct  sunshine  m  very  high  latitudes  must  be  increased 
to  bring  about  a  dry  climate. 

It  seems  proper  to  begin  a  comparison  between  various 
climates  by  considering  the  conditions  in  opposite  hemispheres 
at  any  time  when  the  difference  of  seasons  is  considerable. 
Since  the  total  amount  of  heat  received  by  a  hemisphere 
between  equinoxes  is  wholly  independent  of  the  duration  of 
this  interval,  one  hemisphere  will  then  have  long  cold  winters 
with  short  hot  summers,  and  the  other  will  have  long  cool 
summers  and  short  warm  winters.  A  comparison  of  curves 
representing  such  conditions  shows  further,  that  in  the  genial 
hemisphere  in  winter  the  temperature  gradient  will  be  very 
high  and  the  zone  of  evaporation  very  hot,  so  that  the  weather 
will  be  very  wet  as  well  as  relatively  warm.  The  summer  in 
the  genial  hemisphere  on  the  contrary  will  be  cool  and  not 
particularly  wet.  The  high  winter  temperature,  and  the  cor- 
responding brevity  of  the  season  in  the  genial  hemisphere 
would  certainly  preclude  glaciation  with  the  present  mean 
temperature  of  the  globe.  Hence  in  discussing  the  conditions 
favorable  to  glaciation  it  is  needless  to  consider  those  in 
which  the  winter  is  shorter  than  the  summer.  This  is  a  con- 
clusion upon  which,  so  far  as  I  know,  every  one  is  agreed. 

A  comparison  may  now  be  made  between  the  present  cli- 
mates and  that  which  would  prevail  in  both  hemispheres  were 
the  eccentricity  zero,  the  apparent  obliquity  of  the  ecliptic 
maintaining  its  present  value.  The  seasons  would  then  be  of 
equal  length,  and  the  climate  would  be  intermediate  between 
that  of  the  present  time  in  the  two  hemispheres.  Five  or  six 
thousand  years  ago  the  seasons  were  of  equal  length,  and  the 
eccentricity  is  now  and  was  then  so  small  as  to  affect  the 
amount  of  heat  received  by  an  insignificant  fraction.  In  fact 
the  earth  now  receives  1  00014  times  as  much  heat  as  it  would 
do  if  the  eccentricity  were  zero.     The  rates  sjiven  in  the  table 
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le  curves  shown  in  figures  2  and  3,  enable  one  to  judge 
ently  of  the  climate  of  zero  eccentricity.  The  winter  in 
rthern  hemisphere  would  be  a  little  cooler  throughout  and 
mperature  gradient  a  little  smaller.     Other  things  being 
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rates  for  each  of  the  great  seasons  under  variouR  conditions.  The  curves 
I  represent  the  present  obliquiij  and  zero  eccentricity.  They  also  appear 
)  2.  ^Tbe  curves  X,  and  x  show  the  rates  for  greatest  eccentricity  and 
>f  maximum  length  in  the  northern  hemisphere.  The  curves  B  and  h  dis- 
)  rates  for  an  obliquity  of  24'  36'  with  zero  eccentricity. 

me,  the  winter  precipitation  would  be  somewhat  smaller, 
ore  of  it  would  fall  as  snow.  In  summer  the  July  tem- 
ire  would  be  two  or  three  degrees  F.  higher  than  it  now 
1  the  heat  gradient  would  aJmost  imperceptibly  exceed 
•esent.  On  the  whole  the  normal  weather  would  proba- 
e  within  the  range  of  present  experience  or,  in  other 
,  the  winter  would  be  wnat  is  now  considered  a  cold  one, 
le  summer  such  as  is  now  thought  unusually  warm  in  the 
em  hemisphere ;  but  the  seasons  would  not  be  so  extreme 
jy  would  now  be  in  the  southern  hemisphere  were  the 
)ution  of  continental  areas  there  the  same  as  it  is  in  the 
em  hemisphere. 

ring  established  a  climate  of  zero  eccentricity  it  may  be 
srea  with  the  extreme  climate  of  highest  eccentricity. 
»ears  from  diagram  3  and  the  table  that  the  winter  of  the 
;ric  period  in  the  rigorous  hemisphere  would  be  intensely 
B  compared  with  that  of  the  period  of  zero  eccentricity, 
is  important  to  observe  that  the  diiference  would  be 
marked  in  the  tropics.  It  is  not  needful  to  depend  on 
rmulas  or  tabulated  values  of  heat  rates  to  assure  oneself 
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of  the  general  trnth  of  this  result.  For  an  increase  in  t 
length  of  the  winter  diminishes  all  heat-rates  or  temperatoi 
in  tlie  same  proportion ;  and  since  the  rates  are  highest  in  t 
tropics,  the  greatest  decrease  mnst  also  take  place  in  t 
torrid  belt.  The  indications  of  the  diagram  are  that  the  te 
perature  of  January  in  the  eccentric  period  would  be  great 
at  the  tropic  of  Capricorn,  and  that  it  would  there  be 
warmer  than  it  now  is  in  July  at  45^  of  north  latitude, 
follows  that  the  evaporation  would  be  very  small  and  that  t 
snowfall  in  high  northern  latitudes  would  be  small.  The  he 
gradient  during  the  eccentric  winter  is  also  less  steep  than  it 
possible  to  make  it  by  any  other  combination  of  conditions,  a 
therefore  the  winter  of  this  period  in  the  northern  hemisphe 
would  be  the  calmest,  dryest  and  coldest  possible. 

The  summer  of   the  eccentric   period   in   the  hemisphe 
of  rigorous  climate  will  bo  the  hottest  possible;    nearly  2 
F.   hotter,  it  would  seem,  than  that  of  the  present  time 
temperate  latitudes.      The   evaporation   would  of  course 
immense.     The  heat  gradient  toward  the  pole  is  also  considt 
ably  greater  than  it  now  is,  or  than  it  would  be  at  the  time 
zero  eccentricity.     Hence  the  summer  would  be  wet  as  well 
hot.    It  seems  to  me,  then,  that  the  period  of  greatest  eca 
tricity  would  be  most  unfavorable  to  glaciation,  the  snowfi 
being  the  smallest,  and  the  summer  rainfall  the  largest  whi 
can  occur  with  the  present  obliquity.     It  seems  much  1< 
favorable  than  the  period  of  zero  eccentricity  when  the  wini 
cold  is  great  enough  to  preclude  much  rain  in  the  higher  p 
tion   of   the   temperate  zone,   while  the  temperature  in  t 
tropics   is   great   enough    to  produce  active  evaporation, 
would  be  manifestly  absurd  to  suppose  equality  of  seiisc 
sufficient  to  produce  an  ice  age ;   but  I  am  forced  to  the  c( 
elusion  that,  so  far  as  eccentricity  is  concerned  in  the  matter 
all,  the  smaller  the  eccentricity  the  more  favorable  are  the  C( 
ditions  for  glaciation. 

Thus  far  only  a  slight  reference  has  been  made  to  the  var 
tion  of  the  oblicjuity.  Its  influence  on  glaciation  has  be 
considered  by  various  authors,  and  Dr.  Croll  attributes  U 
greater  obliquity  a  considerable  influence  on  the  temperati 
of  the  arctic  circle*.  The  greatest  possible  obliquity  of  t 
apparent  ecliptic  is  believed  to  be  24°  3^)',  and  I  have  adopt 
this  value  for  computation.*  The  heat-rates  are  recorded 
the  table,  and  the  corresponding  curves  are  shown  in  figure 

At  first  sight  the  winter  curve  of  the  period  of  great 
obliquity  seems  practically  undistinguishable  from  that  for  t 
present  obliquity,  the  eccentricities  being  in  both  cases  ze 

*  Stoc'kwell  gives  as  the  p^reatest  obliquity  24^  35'  57'  53  for  the  values  of 
masses  of  the  planets  which  he  adopts.     Smiths.  Cont.,  vol.  xviii,  1873,  p.  17! 
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There  is  a  difference  however  of  coDsiderable  importance.  In 
either  case  the  maximum  mean  rate  of  receipt  of  sunshine,  or 
the  maximum  temperature  during  the  northern  winter,  is  at 
the  Tropic  of  Capricorn  and  it  is  from  the  maximum  that  the 
winds  ladef)  with  moisture  will  blow  toward  either  pole.* 
Now  when  the  obliquity  was  1°  9^  greater  than  it  now  is,  the 
Tropic  of  Capricora  was  so  much  further  south,  and  the  area 
to  tne  north  of  this  tropic  was  about  1,800,000  square  miles 
grater  than  that  north  of  the  corresponding  parallel  to-day. 
This  area  is  somewhat  greater  than  the  sum  of  the  areas  of  the 
Mediterranean  Sea  and  the  Gulf  of  Mexico.  The  gradient 
northward  in  winter  was  almost  exactly  what  it  is  to-day,  the 
temperature  was  lower  throughout,  though  not  more  than  a 
few  degrees ;  but  this  was  compensated  for,  more  or  less  com- 
pletely, by  the  increased  area  of  evaporation  supplying  precipi- 
tation to  high  northern  latitudes.  It  would  appear  therefore 
that  the  precipitation  may  have  been  as  great  as  it  now  is,  but 
that  a  larger  part  of  the  precipitation  must  have  been  snow. 

In  summer  at  high  obliquity  the  zone  of  evaporation  was 
1,800,000  square  miles  less  than  it  now  is,  and  the  temperature 
gradient  toward  the  pole  was  smaller  than  any  other,  smaller 
even  than  that  of  the  summer  in  the  genial  hemisphere  of  the 
period  of  highest  eccentricity.  Hence  it  was  perhaps  the  dry- 
est  possible  summer.  Its  temperature  was  somewhat  below 
that  of  the  present  time  in  the  southern  hemisphere  from  the 
equator  to  latitude  45°.  Beyond  this  point  it  was  a  little 
higher  but,  as  has  been  pointed  out,  dry  summer  heat  in  very 
high  latitudes  cannot  greatly  diminish  the  accumulation  of 
8now. 

I  began  this  en(|uiry  without  the  remotest  idea  as  to  what 
conclusion  would  be  reached.  At  the  end  of  it  I  feel  com- 
)elled  to  assert  that  the  combination  of  low  eccentricity  and 
ligh  obliquity  will  promote  the  accumulation  of  glacial  ice  in 
high  latitudes  more  than  any  other  set  of  circumstances  per- 
taining to  the  earth's  orbit.  It  seems  to  me  that  the  glacial 
age  may  be  due  to  these  conditions  in  combination  witli  a 
favorable  disposition  of  land  and  water.  This  theory  implies, 
or  rather  does  not  exclude  simultaneous  glaciation  in  both 
hemispheres.  It  does  not  imply  that  the  ice  age  should  last 
only  ten  or  twelve  thousand  years.  If  the  conditions  here 
^n^ested  are  correct,  variations  in  the  disposition  of  land  and 
Water  may  have  determined  intervals  of  glaciation,  not  neces- 
sarily the  same  ones  in  New  England  and  the  basin  of  the 
Mississippi ;  and  there  may  have  been  considerable  time  dif- 

*  It  is  well  known  that  the  July  and  January  winds  blow  across  the  equator. 
This  tendency  is  strongest  in  July  because  of  the  greater  land  area  of  the  north- 
ern hemisphere. 
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ferences  in  the  inoeption  or  the  oesMtion  of  glaciation  in 
canons  regioncu  It  ia  not  needfal  to  asBame  that  the  gladi- 
tioD  of  the  Sierra  Nevada  either  began  or  ended  ajmohronoiulj 
with  the  iee  age  in  New  Engknd. 

The  date  at  which  a  minimam  of  eooentrioity  labt  coincided 
with  a  maximnm  of  obliqnitj  can  almost  certainly  be  dete^ 
mined.  According  to  Stockwell  the  obliqnitj  has  been  dimin- 
ishing for  the  past  8000  years  and  was  witnin  21  minntes  of  its 
maximnm  yalne  at  the  beginning  of  that  time.  According  to 
Leverrier  the  eccentricity  passed  through  a  minimum  40,000 
years  ago,  the  valne  being  then  about  two-thirds  of  the  pres- 
ent one.  So  far  as  I  know  the  obliquity  has  not  been  com- 
pnted  beyond  8000.  This  can  of  course  be  done  for  Stockwell's 
value  of  the  masses  of  the  planets,  or  for  newer  or  better  ones. 
All  the  indications  seem  to  be  that  within  thirty  or  forty  thou- 
sand  years  conditions  have  occurred  and  have  persisted  for  a 
considerable  number  of  thousand  years  which  would  favor 
glaciation  on  the  theory  of  this  paper.  It  is  oonoeiyable  that 
yery  remote  coincidences  of  high  obliquity  and  low  eccentricity 
might  be  determined,  answering  perhaps  to  glaciation  in  the 
Paleozoic ;  but  until  some  simple  law  goyerniuff  the  periodi- 
city of  secular  yariations  is  discoyered  such  a  resut  is  not  to  be 
looked  for ;  it  is  at  present  practicable  to  formulate  the  varia- 
tions only  by  omitting  terms  above  a  certain  order  and  ezter 
polation  beyond  a  few  score  thousand  years  is  conseqaentlj 
untrustworthy. 

Cdkidation  of  Snnahine  per  unit  area. 

The   following  note  explains  the   method  of  finding  the 
amount  of  solar  energy  received  per  unit  area  of  the  earth's 
surface  in  anv  latitude  between  equinoxes,  the  ellipticity  of 
the  earth  being  ignored.     Mr.  L.  W.  Meech  has  already  solved 
the  very  similar  problem  of  finding  the  heat  received  per  unit 
area  for  the  entire  year,  and  it  is  possible  to  develop  from  his 
formulas  those  applicable  to  the  present   purpose ;  but  this 
would  take  nearly  as  much  space  as  a  fresh  presentation.    Mr- 
Meech's  method  of  dealing  with  the  subject  is  also  quite  dif- 
ferent from  that  here  presented,  which  I  worked  out  before 
making  acquaintance  with  his  admirable  memoir.* 

When  the  sun's  declination  is  5,  any  parallel  in  latitude  i 
will  be  projected  onto  the  circle  of  illummation  as  an  ellipti- 
cal arc  dividing  the  circle  into  two  unequal  portions.  If  A  and 
d  have  opposite  signs,  the  smaller  of  these  areas  will  be  a 
crescent  which  I  shall  call  W.  To  find  the  area  W  shown  in 
diagram  1,  let  a  be  the  earth's  radius,  a  and  b  the  semiaxes  of 

*  Smithsonian  Coutr.  to  Knowledge,  vol,  ix,  1857. 
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the  ellipse  into  which  the  parallel  of  X  is  projected,  x  and  z 
the  coordinates  of  the  point  t  at  which  the  ellipse  meets  the 
great  circle  in  the  projection,  c  the  center  of  the  ellipse,  e  the 
center  of  the  small  circle  which  is  projected  into  the  ellipse. 
Then  it  is  easily  seen  from  the  diagram  that 

a  =  a  cos  \;  b  =  a  cos  A  sin  d ;  c=  e  cos  d  =  a  sin  A  cos  6 ; 
or  sin  A  ._- or  cos  A    /       sin^tf" 


z  = 


cosd   '«^-Va-2-    ^^^^|/i.__ 


X 

The  area  of  the  circular  segment  r,  s,  t  is  a'  sin^"^^—  —  xz  and 

that  of  the  elliptical  segment  r,  «,  t  is  ah  sin^"*^ xz+xc.  The 

difference  is  the  area  sought  or 

W  =  a'  sin^"*^ ab  sin^*'^ xc 

a  a 

The  arc  whose  sine  is  x/a  is  the  sun's  semidiurnal  arc.  Its 
value  in  the  cold  season  may  be  called  for  brevity  X.  In  the 
warm  season  at  the  same  point  its  value  will  be  ;r~X.  If  i?  is 
the  earth's  longitude  in  its  orbit  and  if  e  is  the  apparent  ob- 
liquity of  the  ecliptic  it  is  easy  to  see  and  perfectly  well  known 
that 

sin  d  =:  sin  £  sin  S^ 

and  this  value  is  to  be  substituted  in  that  of  W.     It  is  also 
convenient  to  employ  the  abbreviation 


r  nt\ar   A 


cos' A 

^  that  the  semidiurnal  arc  is 

J(S) 


X  =  arc  sin 


Vl— sin'esin''^ 

The  value  of  W  may  now  be  written 

W  =  a'  j  sin^"'^  (cos  A  sin  X)  —  cos^  A  sin  e  sin  3.  X 

—  sin  A  cos  A  ^(S)}, 

and  when  X  increases  W  decreases  ;  so  that  the  rate  of  increase 
of  W,  or  the  area  on  the  circle  of  illumination  occupied  by 
the  projection  of  a  zone  of  unit  width  in  the  cold  season,  is 
/^presented  by 

-  ^  =  a'sin  2  A  jcot  A  J(:&)-8in  a  sin  5.  X}. 
a  K 
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Let  the  amoant  of  Banshine  received  upon  the  anit  area  at 
the  unit  distance  from  the  aan  in  the  unit  of  time  be  H.  Tben 
in  an  instant  of  time  the  amoant  received  upon  the  cone  of 
nnit  width  at  a  distance  r  from  the  son  woald  oe 

By  the  principle  of  the  conservation  of  the  moment  of  mo- 
menta,  toe  radios  vector  of  an  nnpertnrbed  planet  sweeps  o?^ 
equal  areas  in  equal  times.  If  A  is  a  constant  this,  which  is 
one  of  Kepler's  fawsy  is  expressed  by  f^M  a  Adt.  By  subeti- 
tntion  in  the  last  expression  this  gives  the  following  measure 
of  the  receipt  of  solar  energy  for  a  small  change  in  the  earth's 
longitude, 

^F"a  — A {ootA.  J(5)— 8in«smi^.  X}dS  (1) 

and  the  whole  heat  received  between  the  autumnal  and  the 
vernal  equinoxes  on  a  zone  of  unit  width  will  be  proportional 
to  the  integral  of  this  quantity  from  i9=:0  to  ^=r,  or  to 
twice  the  mt^ral  from  zero  to  it/i^  since  the  conditions  are 
Bymmetrical.  To  find  the  corresponding  value  for  the  summer 
interval  it  is  only  necessary  to  suostitute  ir-X  for  X. 
To  facilitate  integration  it  may  be  noted  that 

sin  S .  X .  rf^  =  cos 5 rfX-c?(X.  cos  B) 

and 

dX sin  €  cos  5  tan  A 

</S  ""  "  {T^sin' £'8in*5) J(S) 
These  values  reduce  (1)  to 

TT  T-^^^  ~  -T—  Sin  2A-^cot  X  J(S)  + 

dA/i  h  I  ' 

tan  A(   ,  ,^,  —  7, —i      — «  CiV^iT^v )  +  3s(^*  ^08^  ^inf )  IdB.  (^) 

\J(P)      (I— sin"»8in"  S)J(S)/      dB\  /\ 


the  three  classes  for  the  modulus  x;  and  if  Z  is  the  integral  of 
(2),  being  the  solai*  radiation  received  between  equinoxes  on 
the  zone  of  unit  width, 

Z  =  1^  sin  2A  j  cot  A  }L'{h)  +  tan  A[F*(x)  -  cos'f  7r(x)] 

i^^sine  [  (3) 
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the  plas  sign  giving  the  value  for  summer  and  the  minus  sign 
that  for  winter. 

At  the  equator,  or  for  ^  =  0,  (3)  reduces  to  the  term  con- 
taining E*(x).  At  the  polar  circle  Z  ceases  to  be  doubly  peri- 
odic ;  for  then  d{d)  degenerates  into  cos  ??  and  cos  ^  =  sin  £  so 
that 

c?X  __  cos  e 

These  relations  also  reduce  (1)  to  an  integrable  form  and  give 
for  this  one  latitude 

Z  =  2  --"-  sin  26  \  tan  £  -h  cos  £  In  cot  —l — H—  ±i^  sin  2  t 
h  \  2  2  J 

Within  the  polar  circle  the  limits  of  integration  change, 
because  for  a  part  of  the  time  there  is  no  illumination. 
Furthermore  sin  e/co8^>l,  and  a  transformation  is  needful  to 
reduce  the  functions  to  standard  forms.     To  effect  this  let 

sin  £  sin  S        .  ^cosA       ..  ^  i 
—  =  sm  a?,  and    .  —  =  /^  <r  1. 

co8  A  sm  £ 

Then 
X  =  1  / /i ;  J  (S)  =  cos  q) ;  cos  S  =  y'  1  —  f^i^  sin''  ^  =  J  (^) ; 

,  ^  _  /i  cos  (pd  (p 

The  superior  limit  of  integration  is  given  by 

J  (S)  ^  0  or  g?  =  ;r  /  2. 

By  these  substitutions  (2)  becomes* 

^^W5c?S  =  -?-<8in  2A  \  ^'""-'dicp)  +  -5^?-l-  .  _  JL_ 
dk   h  h  (  sin  A  tan  £  sin  A    ^(^p) 

tan  £  (1  -cos'  A  sin'  (p)  A  (^cp)        dcp^  ^^^      M     ^' 

^d  this  when  integrated  from  zero  to  ;r  is 

7     ^Ha"    .    ^^  {8in£„,,   .        cos  eYHp)       sin  A  cos  £^,,  . 

2=2— J- am  2X\  -^-^^ip)  -h  ; —  -•  ^ 1 -—W{pi) 

h  (  sm  A      ^  '       tan  £  sm  A  tan  £  ^   ^ 

n    .        \ 
±  -  sm  £   J- . 

Knowing  the  zonal  receipt  of  solar  energy  for  any  and  everv 
latitude,  the  heat  per  unit  area  is  within  reach ;  for  the  length 
of  a  parallel  of  latitude  is  2  na  cos  ^  and  if  u  is  the  sunshine 
per  unit  area  for  the  interequinoctial  period 

*  In  testing  the  truth  of  this  formula  it  is  convenient  to  remember  that 

oosV^  _AW-(l~/i«)/A(»). 

Am.  Joub.  Sol— Third  Sbbibs,  Vol.  XLVIII,  No.  284.— August,  1894. 
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u  =  Z/8)raroo0  JL 
At  the  equator  this  becomeB 

«  =  2^E'(*); 

E\x)  being  in  this  case  the  quadrant  of  an  ellipee  the  numerical 
eccentricity  of  which  is  sin  t.  The  qnanti^  A  is  a  function  of 
the  sum  of  the  masses  of  the  sun  and  earth,  say  m,  the  major 
semiaxis  of  the  earth's  orbit,  A^  and  the  eooentnoitj,  e^  in  net 

A' =  ^m  (1  -  e"). 

Kow  the  major  axis  of  a  planet's  orbit  has  nntil  lately  been 
assumed  to  be  absolutely  constant  In  1879,  Mr.  D.  %initi8 
showed  that  a  surmise  of  Tisserand's  was  oorrect,  and  that  the 
major  axis  is  subject  to  a  secular  ineqnalitj  of  the  third  order 
witn  respect  to  the  masses.*  For  most  porposes,  howeyer,  this 
minute  change  is  negligible  as  well  as  ibe  increment  of  maas 
due  to  the  accumulation  of  meteoric  matter.  Hence  e  may  be 
regarded  as  the  only  yariable  in  the  yalne  of  h.  If  the 
obliquity  were  zero  and  the  eocentrici^  were  zero,  so  that  the 
orbit  would  be  a  circle  of  radius  Aj  its  phme  also  coin- 
ciding with  that  of  the  equator,  E'(x)  would  redace  to  ir/i,  and 
the  solar  energy  receiyed  between  eqainozes  at  the  equator 
would  be 

Ha 

u  =       

yAm 

Now  the  unit  in  which  radiant  energy  is  measured  is  arbitrary; 
this  last  yalue  is  a  convenient  unit  and  I  haye  adopted  it. 

For  computation  it  is  desirable  to  reduce  the  elliptic  integral 
of  the  tliird  class  to  integrals  of  the  first  and  second  classes. 
This  is  possible  by  a  well  known  theorem  which  applied  to 
II\x)  and  n'(jjL)  gives 

ir{H)  =  n(,,  .ta .,  7 )  =  F.(.)  +  ^  j  P(«)  e(,,  '-^^) 

-e.,.)f(,.^--A')| 

E  and  F  denoting  integrals  of  amplitude  less  than  ;r/2f  and 
IT  (/0=  n(^^,  C08  A,  ?)  =  F\^)  +  ^  I  F'(^)  E  (/i,  0 

-  £■(//)  F(^,  e)  \ . 

*  Ann.  Observ.  Paris.    M^m.  vol.  xix,  1889,  paper  H. 
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Substitution  of  these  values  in  Z/2;ra  cos  X  gives  the  following 
expressions  for  actual  use : — 

At  the  equator  the  modulus  is  sin  e  and  for  either  season 
alike 

u  = . 

From  the  equator  to  the  polar  circle  the  modulus  is  sin  e/cos  X 
and  the  sunshine  per  unit  area  between  equinoxes  is 

sin  A        (  _,  FcotA       ^  ,^  o       ,vl 

w  =  2  — ,  \  E*  cosf  I +  F  (90°  —  A)  I 

^ry'i  _  e»  (  Leos  a  ^  ^J 

-  F*  cos  Je  (90°  -  A)-  Un  Atan  fsin  fl  ±  5  sin  £  [ . 

At  the  polar  circle 

^     cos  £        j  ^  ,        .  90°— £        7t   .        ) 

w  =  2  — ,  i  tan  €  +  cos  €  In  cot    — r        ±  —  sm  £  f 

TT^l  -  e»    (  2-^2  ) 

From  the  polar  circle  to  the  pole  the  modulus  is  cos  ^/sin  e  and 
sin  A        (  „,  r^,  ,       lan  £" 

cos  A     1    .    ;r   .        \ 

-  tan  t  tan  J  ±  §  ""  M  ' 

and  at  the  pole  this  reduces  to 

u  =     ,  \   sin  £  ±  sin  £  !• 

These  formulas  can  be  computed  from  known  series  or  by 
the  help  of  Legendre's  tables.  For  e  =  23°  27'  I  have  com- 
puted tne  values  tabulated  in  both  ways  with  coincident  results. 
For  e  =  24°  36'  I  used  the  tables  and  checked  by  differences 
with  the  other  series.  The  radiant  energy  received  during  the 
entire  year  is  of  course  the  sum  of  the  energy  received  during 
the  two  seasons.  The  quantities  thus  found  and  multiplied  by 
a  constant  coincide  with  Meech's  valuen  to  four  significant 
figures.  Meech  took  the  apparent  obliquity  at  23°  28',  and 
the  sine  of  this  angle  is  1-0007  the  sine  of  23°  27',  so  that  a 
closer  correspondence  could  not  be  expected.*  I  have  stated 
my  results  to  four  decimals,  though  for  the  purposes  of  this 
paper  three  would  have  been  ample. 

It  need  scarcely  be  mentioned  that  the  effect  of  the  real 
ellipticity  of  the  meridian  is  to  reduce  the  receipt  of  solar 
energy  towards  the  the  poles  by  a  trifling  amount. 

WaflhingtOD,  D.  0.,  June,  1894. 

*  The  obliquUj  was  23*  27'  30'  in  1852,  or  after  Meech  had  begun  his  inyesti- 
gAtiou.    It  is  now  about  23*  2V  11'. 
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Art.  XIY .—Minerdlogical  Ncies ;  bj  8.  L.  Pknfield. 

1.  OctcJitdriteJ^om  Magnet  (7otr«»  Arkansas, 

Up  to  the  present  time  oetahedrite  has  been  foond  in  the 
United  States  at  only  a  few  places.  It  is  interesting,  there- 
fore, to  record  its  occnrrence  at  a  new  loealitj,  especidly  as  it 
is  one  which  is  noted  for  the  two  other  forms  of  titanic  oxide, 

^  brookite  and  mtile.  ^  While  exam- 

ining the  stock  of  minerals  of  Dr. 
A.  E.  Foote  of  Philadelphia,  Pl, 
one  specimen  was  fonnd,  among  t 
lot  of  brookites  from  Magnet  Cove, 
which  attracted  the  writer's  atten- 
tion from  its  nnnsnal  crystalline 
form.  On  measajring  the  crjstab 
they  were  found  to  l)e  tetragonal 
and  to  have  the  angles  of  oetahe- 
drite.   The  habit  is  shown  in  iig.  1,  the  forms  being : 

p,  111,  1  «,  118,  i  X,  108,  H 

The  reflections  of  the  signal  were  fairly  fpoA  and  the  angles 
which  were  measured  agree  very  well  with  those  calculated 
from  the  length  of  the  vertical  axis  as  given  by  Miller,* 
c  =  1-7771. 

Measured.  Calculated.                                          Measured.   Calcalated. 

j)  ^;/,    lll.sTll  =  82"  6'  82'  9'  «  a»\    113 >.  113  =  63"  64'       MM' 

y^;/',  111  .sill  =  82  12  "  a'^z",  TI3a1I3=  63  49 

p  aP*%  111  ^lll  =  43  22  43  24  2  A^»^  113  a  113  =100  20       100  5i 

The  crystals  are  black  and  have  a  fine  metallic  luster.  The 
largest  are  about  5°*™  in  axial  diameter.  They  are  implanted 
npou  a  white  saccharoidal  albite,  showing  small,  distinct  crys- 
tals of  albite  in  the  cavities.  When  tested  with  salt  of  phosr 
pliorns  before  the  blowpipe  they  gave  the  reaction  for  titanium* 

Altliongh  a  careful  search  was  made,  only  this  one  specimen 
was  found,  which  is  now  in  the  collection  of  Prof.  Oteo.  J .  Brush. 
There  can  be  no  doubt  about  its  having  come  from  Magnet 
Cove,  as  it  resembles  in  its  character  and  association  other 
specimens  from  there  and  also  shows  a  few  brookite  crystals. 

2.   On  the  CryatcUUzation  of  PmfMdite. 

In  the  September  number  of  this  Journal,  1892,  page  260, 
my  friend,  tne  late  Prof.  F.  A.  Gtenth,  described  a  new  min- 

*  Mineralogy,  1862,  p.  229. 
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eral  from  Laurion,  Greece,  of  the  composition  PbO  .  2PbCl„ 
which  he  named  after  the  writer.  This  was  one  of  the  last 
papers  published  by  Prof.  Genth  and  the  last  new  mineral 
species  described  by  him. 

All  of  the  specimens  in  Prof.  Genth's 
possession  were  sent  to  the  writer  for  crys- 
tallographic  study.  As  described  by  him, 
the  crystallization  is  hexagonal.  No  indica- 
tions of  hemihedrism  were  observed.  The 
usual  combination  is  that  of  prism  m  with 
basal  plane  c.  A  few  of  the  crystals  showed 
a  pyramid  of  the  second  order  jp,  1122,  1-2, 
in  combination  with  prism  and  base,  tig.  2. 
On  one  small  crystal,  which  gave  fair  reflec- 
tions from  three  of  the  pyramidal  faces,  the 
following  measurements  of  Ca^p  were  made, 
41°  53',  41°  52'  and  41°  55'.  Taking  41°  58' 
as  fundamental  the  axial  ratio  becomes  a : «  = 
1:0-8967. 

Some  specimens  showed  the  prismatic  faces  in  combination 
with  steep  pyramids  of  the  first  order.  These  were  in  oscilla- 
tory combination,  giving  rise  to  horizontal  striations  and  often 
causing  the  crystals  to  taper  to  a  point.  The  reflections  from 
these  pyramids  were  numerous  and  so  uncertain  that  no  defi- 
nite symbols  could  be  assigned  to  them. 

The  cleavage  is  distinct  parallel  to  the  base  and  sections 
show  in  polarized  light  a  normal  interference  figure.  The 
doable  refraction  is  positive  and  about  as  strong  as  that  of 
calcite. 


3.  On  the  cleavage  and  parting  Planes  of  Oligoclase  and  Alhite. 

In  the  November  number  of  this  Journal,  1888,  page  324, 
the  writer  described  a  very  clear  glassy  feldspar  from  the 
Hawk  mica  mine,  near  Bakercville,  Mitchell  Co.,  N.  C,  which 
Beemed  to  show  abnormal  optical  properties.  It  is  found  as 
cleavage  masses  without  crystal  faces  at  a  considerable  depth 
in  the  mine.  An  analysis  by  Mr.  E.  S.  Sperry  showed  tnat 
it  contained  the  albite  and  anorthite  molecules  in  the  propor- 
tion of  3*6 : 1  and  was  to  be  classified  therefore  as  oligoclase. 
The  material  that  was  used  for  the  investigation  was  a  single 

rimen  from  the  collection  of  Mr.  Norman  Spang  of  Etna, 
This  was  without  twinning  stria tions  and  presented  a 
perfect  cleavage  parallel  to  the  basal,  and  an  imperfect  one, 
supposed  to  be  parallel  to  the  brachy-pinacoid  (010).     Plates 
parallel  to  this  second  cleavage  showed  m  convergent  polarized 
light  an  optical  axis  almost  in  the  center  of  the  field,  while 


116  S.  L.  Pet^/UM—MimertiogiMl  NateM. 

basal  sections  gave  with  the  polariang  mieroaoope  eztinctionB 
inclined  about  38^-40^  from  the  edm  formed  by  the  meeting 
of  the  two  cleavi^ea  These  optieaTrelatioiis  seemed  entirely 
nnlike  those  of  onffoclase  and  the  material  was  therefore  de- 
scribed as  abnormaL  Qffret*  has  since  diown  that  the  Baken- 
ville  oligoclase  has  normal  optical  properties  and,  therefore,  io 
order  to  reconcile  these  differences  and  to  maJce  a  further  stodr 
of  the  material  a  new  supplywas  seeored  from  Mr.  Gea  F. 
Eanz  of  New  York  and  Mr*  rf.  Yanoe  Brown  of  Pinm  Tree, 
N.  C,  to  whom  the  author's  sincere  thanks  are  due.  Amcmg 
the  specimens  some  pieces  presented  the  normal  cleavige, 
DoljBjnthetic  twinning  and  optiod  properties  of  oli^^odiie. 
Some,  however,  that  were  clear  and  free  from  twinning, 
showed  the  abnormal  properties  as  previonslj  described,  bat 
from  the  examination  of  a  number  of  fragments  it  was  soon 
discovered  that  the  second  cleavage  is  not  parallel  to  (010)  and 
that  the  feldspar  thus  presents  an  nnosoal  and  nnexpeetod 
cleavage  or  parting  instead  of  abnormal  optical  properties. 

In  oligoclase  the  angle  7,  between  the  &  and  S  axes  is  prac- 
tically 90°  and  the  extinction  diiection  on  basal  sections  is  +1^ 
or  almost  parallel  to  the  a  axis,  hence  it  foUows  that  the  angle 
of  38°~40^  which  the  cleavage  makes  with  the  axis  of  greiteet 
elasticity  in  a  basal  section  serves  to  orient  the  cleavage  with 
reference  to  the  lateral  axes.  From  the  measurements  of  vom 
Eathf  it  has  been  calculated  that  the  pyramid  (ISl)  maksB 
angles  of  92°  35'  =(001  aI31)  and  87*"  26'  with  the  base,  the 
measurement  of  the  abnormal  cleavage  being  about  88°,  and 
that  the  trace  of  the  pyramid  on  the  base  intersects  the  ed^ 
between  (001)  and  (010),  or  the  direction  of  the  a  axis  at  an 
angle  of  38°  1',  about  corresponding  to  the  extinction  direc- 
tion. Exact  measurements  cannot  be  made  for  determining 
the  position  of  this  peculiar  cleavage,  owing  to  the  poor  re- 
flection which  it  gives  and  the  absence  of  other  planes  except 
the  basal  cleavage,  but  it  is  distinctly  parallel  to  a  pyramid 
and  the  form  (i5l)  has  the  position  to  yield  all  of  the  ab- 
normal properties  that  were  observed.  This  abnormal  cleav- 
age is  well  shown  on  many  of  the  specimens  and  whether  it  is 
a  tnic  cleavage  or  a  parting  of  secondary  origin,  prodnced 
perhaps  by  pressure,  is  uncertain  but  it  is  probably  the  latter. 
The  forms  that  can  be  broken  out,  bounded  by  the  basal  and 
abnormal  cleavages  and  an  irregular  fracture  inclined  to  the 
base  at  an  angle  about  equal  to  /?  of  the  feldspars,  look  like 
ordinary  cleavage  blocks  of  feldspar,  and  thus    caused    the 

*  Bull.  Soc.  Min.  do  Prance,  xili,  p.  648,  1890. 

f  Pogg.  Ann.,  cxxxviii,  p.  464,  1869.     Also  Dana's  Mineralogy,  Sixth  editioD, 
p.  332. 
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original  error  in  the  orientation.  Another  surprising  and 
inexpected  pecaliaritj  of  this  feldspar  is  the  difficulty  of  pro- 
lacing  the  cleavage  parallel  to  (010).  Among  the  specimens 
hat  snow  the  unasual  pyramidal  parting  there  is  not  one  that 
hows  the  (010)  cleavage.  Some  are  broken  so  that  the  frac- 
are  runs  nearly  parallel  to  (010)  but  they  present  only  the 
urved  surfaces  of  a  conchoidal  fracture.  When  the  direction 
f  (010)  is  known,  which  can  be  determined  by  the  extinction, 
t  is  difficult  to  produce  the  cleavage  by  striking  the  blocks  in 

favorable  direction  with  the  peen  of  a  hammer,  or  by  strik- 
Qg  on  a  knife  blade  or  chisel  whose  edge  is  placed  on  the  crys- 
al  in  the  direction  of  the  desired  cleavage.  On  specimens 
irhicb  show  the  usual  poly-synthetic  twinning  striae  on  the  base 
he  (010)  cleavage  can  always  be  readily  obtained.  This  has 
;iven  rise  to  the  query,  is  the  good  cleavage  on  plagioclase 
parallel  to  (010)  only  apparent,  and  is  it  not  possibly  the  result 
•f  a  separation  along  the  plane  of  twinning  ?  Certainly  those 
eldspars  which  show  well  developed  poly-synthetic  twinning 
eadily  yield  good  cleavage  surfaces,  while  those  showing  no 
winning,  which  the  writer  has  been  able  to  examine,  usually 
'ield  the  (010)  cleavage  only  with  difficulty,  so  that  it  might 
rell  be  designated  as  rather  poor  and  interrupted. 

In  experimenting  upon  the  cleavages  of  albite  the  following 
)ecaliarities  were  also  observed.  The  specimen  examinea 
ras  a  large  crystal  from  Amelia,  Va.,  associated  with  quartz 
nd  muscovite.  It  presented  a  combination  of  twinning  accord- 
Dg  to  the  Carlsbad  and  albite  laws,  similar  to  fig.  7,  page  328 
>f  the  sixth  edition  of  Dana's  Mineralogy,  and  measured  over 
'QiDm  Jq  |.jjg  direction  of  the  a  and  c  axes.  Two  of  the  twin- 
ling  individuals  were  fully  6""  broad,  measured  at  right  angles 
0  the  twinning  plane ;  they  were  clear  and  glassy,  and  free 
rom  cracks  and  poly-synthetic  twin  lamellae.  The  crystal  was 
irmly  united  by  the  pinacoid  (010)  to  the  quartz  and  when 
ragments  were  detached  by  striking  with  a  hammer  they  were 
Jways  bounded  by  the  basal  cleavage  and  surfaces  parallel  to 
he  prism  ?w(110)  and  the  pyramid  o(\l\).  These  latter  sur- 
aces  had  the  appearance  of  perfect  cleavages,  and  often  their 
presence  was  revealed  by  cracks,  running  wholly  or  partly 
cro6s  the  detached  fragments.  The  following  measurements 
rere  obtained  on  the  reflecting  goniometer,  the  reflections, 
specially  those  from  m,  being  sharp  and  well  defined  : 

/vm,  001 /\1 10  =  66**  10'    mean  of    five   independent   measure- 
ments, varying  from  6j°  7'-65°  12'. 
/vo,    OOIaIII  =  oT^'SO'and  57°  33i'. 
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The  calculated  angles  taken  from  Dana's  Mineralogy  are 
oj^m^Qh^'lT  93iAe^o^6T4iy.  The  parting  parallel  torn 
was  moreover  observed  at  a  nnmber  of  plaees  on  tne  specimeD 
where  the  latter  had  been  broken.  Subsequent  attempts  to 
produce  surfaces  panlld  to  these  same  planes  by  brealdDg  up 
the  detached  f;ragments  with  a  hammer,  nsing  the  cnstomaiy 
devices  for  obtaining  deavage  in  definite  directions,  utterly 
failed.  In  other  words,  the  partings  parallel  to  m  and  o  do 
not  have  the  properties  of  true  dean^  They  seem  to  be 
partings  along  dennite  eracks  within  the  crystal  or  they  were 
produced  by  the  peculiar  strain  to  whieh  the  fragment  were 
subjected  in  breaking  away  from  tiie  attaehment  of  quarU. 
The  partings  parallel  to  (110)  and  III)  were  readily  produced 

on  this  material  by  pressure  in  the  direction  of  the  ?  axis,  the 
blocks  of  feldspar  oeing  held  between  plates  of  lead  and 
squeezed  in  a  vice.  As  shown  by  Lehmann*  a  parting  paralld 
to  (110)  results  from  the  contraction  due  to  sudden  oooUng, 
when  heated  fragments  of  albite  are  thrown  into  water.  A 
similar  result  was  obtained  by  the  writer  but  no  parting  panJ- 
lel  to  (III)  was  observed. 

Tests  made  by  pressing  the  Bakersville  oligodase,  and  bj 
contraction  from  sudden  cooling,  did  not  yield  flat  surfaces 
that  could  be  referred  to  definite  crystal  direoraons. 

In  conclusion,  therefore,  it  shonld  be  emphasized  that  the 
cohesion  relations  of  the  plagiodase  feldspars  may  show  con- 
siderable variation.  The  basal  cleavage  is  alwavs  perfect 
That  parallel  to  tbe  brachv-pinaooid  (010)  is  usually  aistiDct, 
while  it  is  sometimes  imperfect  and  hard  to  produce  and  espe- 
cially when  poly-synthetic  twin  lamellfe  are  absent  Under 
certain  conditions  of  pressure  or  tension,  partings  may  occur 
parallel  to  the  prism  m{\lQ)  or  the  pvramid  (111)  which  re- 
semble perfect  cleavages,  while,  as  in  the  case  of  the  Bakers 
ville  oligoclase  the  partings  may  run  in  other  directions  resem- 
bling imperfect  or  mterrupted  cleavages. 

Laboratory  of  Mineralogj  and  Petrosmphy, 

Sheffield  ScieDtific  School,  Febniaiy,  1894. 

*Zeit8chr.  Kryst.,  xi,  p.  612,  1886. 


^ 


O.  Z.  Simmons — Devdopinent  of  Lungs  of  Spiders.     119 


Art.  XV. — Development  of  the  Znngs  of  Spiders  y'   by 
Orville  L.  Simmons.    (With  Plate  VIII.) 

Although  several  persons*  had  suggested  the  close  aflBnity 
of  the  Araehnids  and  Limulus,  it  was  not  until  the  appearance 
of  Lankester's  paper,  ''  Limulus  an  Arachnid  "  ('81^)  that  the 
view  of  such  a  relationship  came  into  prominence.  Since  that 
date  it  has  attracted  more  and  more  numerous  advocates  until 
now  the  majority  of  the  special  students  of  Arachnids  and 
Xiphosnres  recognize  the  close  relationships  of  the  two  groups. 
One  of  the  special  homologies  insisted  upon  by  Lankester  was 
that  existing  between  the  lungs  of  the  Arachnids  and  the  gills 
of  Limulus.  But  to  explain  the  differences  between  these 
or^ns — the  one  being  an  internal  air-breathing  structure,  the 
other  an  external  apparatus  for  aquatic  respiration — several 
hypotheses  have  been  advanced,  all  based  upon  conditions 
existing  in  the  adult. 

At  iirst  Lankester  evidently  shared  the  common  view  that 
tracheae  were  homologous  structures  throughout  the  Arthro- 
poda,  and  so  he  sought  for  traces  of  them  in  Limulus.  In 
his  article  "Dn  stigmata  in  the  King  Crab"  ('81*)  he  an- 
nounced that  he  had  found  traces  of  stigmata.  The  position 
of  insertion  of  each  thoracico-abdominal  muscle  is  marked  by  a 
deep  funnel-like  depression  of  the  integument,  which  from  the 
external  surface  appears  as  a  stigma. 

Later,  in  his  paper  "Limulus an  Arachnid  "  ('8P)  he  formu- 
lates an  hypothesis  to  show  how  the  gills  of  Limulus  and  the 
lun^  of  Scorpio  (taken  because  more  primitive  than  Spiders) 
could  have  been  derived  from  a  common  ancestor  which  he 
describes  as  being  an  aquatic  form,  breathing  by  book-like 
gills.  To  derive  Limulus  from  snch  a  form  would  involve 
only  a  few  changes  in  dimensions  and  other  unimportant 
points.  To  obtain  the  condition  occurring  in  Scorpio,  he 
assumes  that  the  cup-like  depressions  behind  the  appendages, 
as  seen  in  Thelyphonus,  became  deeper  and  larger,  finally 
engulfing  the  whole  appendage.  The  walls  then  gradually 
extended  over  the  cavity,  leaving  only  a  slit  for  communica- 
tion with  the  exterior.  As  change  of  habits  went  on  this  slit 
was  closed  up  and  another  slit,  still  within  the  area  formed  by 
the  closure  of  the  primitive  opening  of  the  cave  of  invagina- 
tion, was  formed.  Air  would  enter  by  this  slit,  where  in 
Limulus  and  the  early  Scorpion  ancestors  there  was  blood 
space.  Thus  a  blood  space  has  been  changed  to  an  air  space. 
In   the  same  way  an  air  space  (that  of  the  investing  sac)  has 

*  Strausa-Durckheim  (teste  Lankester),  van  Beneden  ('70). 
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been  concerted  into  a  blood  qposL  Tho  atropj  of  the  mnBcles 
which  move  the  gilk  in  limalw  and  uukr  forms  was  oon- 
sidered  venr  ess^itial  to  this  dieoiy.  The  fiffleolties  involved 
in  the  changes  of  blood  ai^  air  naeei  were  so  eondderable  as 
to  prevent  the  aceeptanee  of  this  ojpotteM. 

Later,  Lankester  C85)  pot  forth  a  new  dwory.  Becanse  of 
discoveries  ooneemiiig  the  maaelea  (vcno  pericardiac)  of 
Scorpio,  as  well  as  on  aoeoant  of  tiM  JasBperablo  diffienlties  of 
hb  previous  view,  he  gave  sp  his  old  and  advanced  a  new 
hypothesis.  In  the  latter  the  eoouMm  aneealor  is  assumed  to 
have  had  six  pain  of  meaoaomatie  appcBid^gHB,  of  which  five 
were  lamelligerons.  These  latter  in  Seorpio  became  smaller 
and  served  only  for  respiratoiy  oqpn%  aoon  beeoroing  air- 
breathinf^.  The  f onr  hindw  pain  took  a  ^  tnA  "  of  growth, 
viz :  an  invagination  of  the  append^fe,  bannninff  at  their 
distal  ends,  so  that  they  grew  into  tin  Seorpion'a  body,  tom- 
ing  their  ontside  in,  jost  as  a  glove  may  be  tamed  wrongside 
out,  beginning  at  the  ends  of  the  iingenL  Thna  the  append- 
ages would  be  tucked  into  the  blood  ainna  inatoad  of  growing 
out  normally.  The  blood  sinna  wonld  become  a  venous  sac 
around  the  appendage.  He  ezpUna  tin  '^triA"  of  growth 
by  the  least  resistance  theory — me  paeaaue  being  exerted  on 
the  embryo  before  it  leaves  {he  mother. 

J.  MacLeod  C82  and  '84)  aeta  fovth  an  hypothesis  by  which 
he  develops  Scorpions  and  mmilar  fntns  nom  a  lamulus-Iike 
ancestor.  His  first  proposition  is  that  the  abdomen  of  Limulns 
be  considerably  elongated  without  other  change.  This  would 
cause  the  imbrication  of  the  membere  to  cease— each  append- 
age would  stand  out  by  itself  although  closely  following  each 
other.  Then  suppose  that  the  sternal  plate  increase  in  size 
and  unite  with  the  ventral  surface  of  the  abdomen.  Thus  the 
gill-book  cavity  would  be  entirely  filled  up  by  the  sternal 
])late  except  in  those  cavities  on  the  ventral  side  which  con- 
tain the  gills  or  lungs,  now  greatly  reduced  in  size.  In  this 
condition  the  lungs  are  quadrangular  plates,  attached  by  two 
edges  only.  Inserted  on  each  pmte  is  a  number  of  lamelte 
which  are  attached  by  one  side  only.  In  this  condition  when 
removed  from  the  water,  the  lamellce  would  ding  together  and 
be  imperfectly  in  contact  with  the  air.  To  be  of  service  the 
lamellae  would  have  to  unite  their  lateral  edges  to  the  plate, 
leaving  only  the  posterior  edge  free.  Thus  MacLeod  devel- 
0|>ed  the  lamelhe  and  other  structures  of  the  lungs  of  Arachnida. 
By  a  comparison  of  structures  in  the  adult  form,  MacLeod 
came  to  the  conclusion  that  the  tracheae  of  Spiders  are  devel- 
oj>ed  from  the  lungs. 

J.  S.  Kingsley  ('85  and  '93)  advances  a  much  simpler  ex- 
planation to  account  for  the  transition  from  a  Limulus  gill- 
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book  to  the  lung-book  of  a  spider  or  scorpion.  By  a  sinking 
in  of  the  whole  appendage  bearing  the  gill-leaves  and  an 
increase  of  the  inpushings  of  the  integument  and  a  decrease  in 
the  outgrowths,  tne  whole  matter  is  explained.  This  involves 
a  diminution  of  growth  on  the  anterior  side  of  the  appendage 
and  an  increase  of  growth  on  the  posterior  side.  These  con- 
ditions would  carry  the  appendage  within  the  body  wall  where 
it  would  be  situated  as  seen  in  the  adult — the  spiracle  at  the 
posterior  end  of  the  lung  cavity  and  the  lamellae  projecting 
toward  the  posterior  end  of  the  body.  As  Kingsley  states, 
viewed  from  a  histological  standpoint,  the  description  of  the 
pulmonary  organ  of  the  spider  or  scorpion  applies,  almost  word 
lor  word,  to  the  gill-book  of  Limulus.  He  believes  that  the 
lungs  of  spiders  are  the  primitive  and  the  trachese  the  derived 
structures.  The  tracheae  of  the  Hexapoda  have  no  relation  to 
the  tracheae  of  spiders,  having  an  entirely  different  origin. 

Malcolm  Laurie  ('90)  in  his  article  on  "The  Embryology  of 
a  Scorpion  "  thinks  the  lung-books  are  undoubtedly  compara- 
ble to  the  abdominal  appendages  of  Limulus  but  hesitates  to 
decide  which  of  two  propositions  he  advances  is  the  correct 
one.  He  inclines  toward  the  view  that  the  lungbooks  of 
Scorpions  are  invaginated,  i.  e.  the  edge  of  each  lamella  in  the 
Limnlns  gill  book  corresponds  to  the  interior  fold  between  the 
lamellae  in  the  Scorpion  lung-book.  He  imagines  that  he  sees 
difficulties  in  explaining  his  second  proposition  which  states 
that  the  whole  appendage  has  sunk  without  invagination  into  a 
cavity  in  the  abdominal  surface.  By  either  proposition  the 
air  space  of  the  primitive  condition  would  be  air  space  in  the 
derived  condition. 

On  the  other  hand  many  comparative  anatomists,  recogniz- 
ing the  homologies  pointed  out  years  ago  by  Leuckart,  as  exist- 
ing between  the  lungs  and  tracheae  of  spiders  and  believing 
that  these  last  were  the  homologues  of  the  structures  known 
by  the  same  name  in  the  Hexapods,  have  failed  to  recognize 
tne  cogency  of  the  reasoning  of  the  advocates  of  the  Arach- 
nidan  affinities  of  Limulus.  Thus  Arnold  Lang  in  his  Lehr- 
buch  der  vergleichenden  Anatomic  (II  Heft,  p.  648,  1890) 
writes  that  the  respiratory  organs  of  Arachnoidea  are  tracheae 
— tubular  and  book-leaf  tracheae.  His  view  of  the  morpho- 
logical signification  of  the  latter  is  that  they  are  modified 
tracheal  tufts  which,  standing  close  together,  have  been  flat- 
tened into  hollow  plates.  He  believes  that  the  view  of  those 
who  would  bring  the  gill-books  of  Limulus  and  the  lung-books 
of  scorpions  and  similar  types  into  close  relationship,  is  arti- 
ficial and  unsupported  by  comparative  anatomy  and  ontogeny. 

So,  too,  Bernard  ('92)  in  "  The  Apodidae"  says  it  is  easiest 
to  believe  that  the  lung-books  of  the  various  forms  are  only  a 
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speciallj  concentrated  airangement  of  tnoheal  tnbeB.  He 
regards  the  trachesa,  indnding  the  hinn  of  all  ^  Tracheatee " 
as  having  their  origin  in  dermal  glan£  whieh  have  gradually 
been  modified  for  respiratory  purpoBea.  He  also  states  tibat  in 
considering]^  the  relationships  of  these  Tarions  forma,  the  limfae 
are  of  so  little  importance  that  one  might  almost  be  tempted 
to  leave  them  out  of  account  In  a  later  paper  on  "The 
ChernetidfiB "  Bernard  ('93)  repeats  in  sahstanoe  his  earlier 
views. 

In  a  word|  these  authors,  regarding  the  tracheal  form  of  re- 
spiration as  the  primitive — a  premise  which  the  observations 
of  Moseley  ou  the  tracheae  of  Peripatns  seemed  to  render  valid 
— have  looked  upon  the  air  tubes  of  the  arachnids  as  the  primi- 
tive and  the  lungs  as  the  derivative  condition. 

The  question  thus  brooffht  into  prominence  can  only  be  set- 
tled by  tracing  the  development  of  the  respiratory  omns  of 
the  Arachnida.  Several  authors  have  touched  upon  tbis  qoes- 
tioD.  Thus  Locy  rSG)  describes  the  later  stages  of  Aj^na 
ncevia  as  follows :  The  lungs  arise  as  a  pair  of  extensive  invagi- 
nations. In  sagittal  sections  they  appear  as  oblouff  plates  of 
cells  with  the  nadei  in  parallel  rows.  These  nuclei  are  flat- 
tened on  one  side  and  convex  on  the  other.  The  cells  of  two 
adjoining  rows  unite  by  the  edges  toward  which  the  convex 
sides  of  the  naclei  project  and  thus  a  lamella  is  formed.  Later 
the  nuclei  of  adjoining  cells  fuse,  forming  protoplasmic  pillars 
between  which  are  the  blood  laennse.  Around  each  lamella  is 
a  chitinous  membrane — the  ventral  and  the  dorsal  being  con- 
tinuous at  the  free  (posterior)  end  of  the  lamella.  The  cells 
of  the  ventral  wall  become  arranged  into  two  distinct  layers. 
A  part  of  the  development  described  takes  place  after  the 
hatching  of  the  egg. 

A.  T.  Bruce  ('86-'87)  says  that  a  lung-book  of  a  spider 
may  be  regarded  as  an  involuted  appendage  or  appendages. 
He'  noticed  that  the  abdominal  appendsges  become  less  con- 
spicuous and  that  slight  folds  appear  on  their  anterior  faces, 
lie  did  not  observe  all  the  stages  and,  judging  from  his  text 
and  figures,  it  is  very  evident  that  he  was  confused  in  some  of 
Iiis  interpretations.  K.  Kishinouye  C90)  states  that  in  the 
basal  part  of  the  first  abdominal  appendage  there  is  an  ecto- 
dermic  invagination — not  deep  or  large.  The  wall  of  this 
pocket  which  faces  the  distal  end  of  the  appendage  is  thicker 
and  its  cells  become  arranged  in  parallel  rows.  Two  of  these 
rows,  adhering  to  each  other,  produce  a  lamella.  He  confirms 
Locy's  description  of  the  later  stages.  On  the  second  abdomi- 
nal appendage  is  another  ectodermic  invagination — a  deeply 
invaginated  tube  which  remains  in  about  the  same  state  of 
development  until  after  hatching.     The  appendage  shortens 
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but  is  not  inva^nated.  He  believes  it  is  very  probable  that 
the  lungs  were  derived  from  the  respiratory  apparatus  of  some 
Limulus-like,  aquatic  form.  He  thinks  that  tracheae  are  modi- 
fied lungs. 

Laurie  ('90),  beginning  with  his  stage  K,  describes  the 
changes  in  the  abdominal  segments  of  the  Scorpion.  At  this 
stage  the  pectinse  and  lung-book  appendages  are  about  equal 
in  size  and  structure.  In  stage  L,  the  pectines  have  become 
folded  in  a  direction  transverse  to  their  axes.  The  other  ap- 
pendages are  pushed  in,  forming  little  cavities  (directed  for- 
ward) on  the  posterior  sides  of  the  appendages.  In  the  stage 
M  the  pectines  are  separated  from  the  body  wall  at  their  distal 
ends.  The  lung-book  inpushings  are  deeper  and  the  cavities 
are  divided  up  by  lamellse.  •  In  the  last  stage  described  (just 
before  hatching)  the  pectines  and  lung-books  have  much  the 
same  structure  as  in  the  adult. 

Morin  ('88)*  states  that  the  lungs  of  the  dipneumonous 
spiders  arise  in  form  of  infoldings  at  the  bases  of  the  two 
appendages  of  the  second  abdominal  segment.  At  the  an- 
terior end  of  the  sac  on  the  dorsal  side,  is  an  infolding  which 
is  the  beginning  of  the  lung  leaves.  The  space  between  two 
leaves  connects  directly  with  the  body  cavity.  Two  adjoining 
leaves  unite  by  the  fusing  of  cells,  as  described  by  Locy.  He 
agrees  with  Locy  as  to  the  later  stages.  Morphologically  the 
lungs  of  Arachnida  show  great  resemblance  to  the  gills  of 
Limulns  and  similar  forms.  He  emphasizes  the  position  of 
the  infoldings  on  the  posterior  side  oi  the  appendage  in  both 
cases.  The  lungs  of  Spiders  are  merely  sunken  gill-books  of 
Limulus.  As  the  appendage  sinks  the  stigma  is  left  as  an 
opening  between  the  posterior  wall  of  the  appendage  and  the 
body  wall.  This  author  agrees  with  those  who  believe  that 
trachese  are  modified  lungs. 

It  must  not  be  forgotten  that  Elias  Metschnikoff  ('70)  de- 
scribed some  features  of  the  lungs  of  the  Scorpions  but  it  is 
not  easy  to  understand  either  his  text  or  his  figures  beyond  the 
fact  that  be  states  that  the  lungs  develop  behind  the  abdominal 
limbs. 

As  will  be  seen  from  the  foregoing  summary,  the  develop- 
ment of  the  respiratory  organs  of  the  Arachnids  has  not  been 
followed  throughout  and  the  gaps  in  our  knowledge  are  at  just 
the  most  critical  points.  To  supply  these  deficiencies  the  inves- 
tigations described  below  were  undertaken. 

The  work  was  done  in  the  Biological  Laboratory  of  Tufts 
College.  The  e^gs  used  were  those  of  Agelena  nmvia  and 
Tkendi/am  tepiaaruyrwm.     The  eggs  were  killed   in   water 

*  As  summarized  by  Korschelt  and  Heider,  '92,  pp.  604-607.    I  cannot  refer 
to  tfae  original  text. 
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heated  to  80*"  C.  ud  hardeDed  in  akoholy  beginning  with  50 
per  cent.  The  stainiiu;  wis  nraally  m  Mo  with  alnm  eoehineiL 
The  sections  deseribed,  anleiB  otherwiie  spedfied,  are  nipttiL 

In  the  first  stage  studied,  oorresponding  in  general  to  Loej^s 
fig.  6,  somite  vn  is  cot  off  from  ioinite  vm.  Somiter  vm 
and  IX  are  still  united  (fig.  1)  and  the  onsegmented  meeodem 
extends  farther  back.  The  ectoderm  is  a  single  layer  deep 
except  a  portion  over  somite  vn  (posiiblj  the  anlage  of  va 
appendage)  and  between  vm  and  CL  The  infolding  of  ecto- 
derm shows  the  first  difbrentiation  of  external  segmentation. 

In  the  next  stage  (fig.  S)  whieh  is  abont  midway  between 
Lock's  fignres  6  and  7,  uie  seoond  abdominal  somite  is  difb^ 
entiatedy  and  to  a  less  extent  Ae  line  between  somite  ix  ud 
somite  x,  which  has  developed,  is.  marked  off.  The  ectoderm 
has  become  thickened  from  somite  yn  to  somite  ix.  It  is  to 
be  noticed  that  the  coelomic  poaohes  are  flattened  in  all  except 
somite  Till. 

The  succeeding  stage  (&^.  S\  shows  the  same  f  eatores  carried 
still  farther.  The  xi  somite  nas  appeared.  This  stage  corre- 
sponds to  Locy's  figure  7  or  a  stage  a  litde  earlier.  I  mavnoto 
here  that  I  have  round  at  least  as  luny  emlomie  poucnes  u 
are  described  by  Ejshinouye  in  his  **  Kote  on  the  Coslomic 
Cavity  of  the  Spider,**  1894. 

After  the  sts^  just  mentioned  the  appendages  begin  to  be 
formed;  no  detailed  account  need  be  given  <»  the  extemtl 
appearance  of  these,  as  in  the  main,  my  observations  are  but 
the  repetition  of  those  of  various  authors,  from  Clapar^de  to 
Kishinonye.  They  grow  out,  one  on  either  side  of  somites 
viii-x,  as  rounded  knobs. 

Pulmonary  crgani. 

In  figure  4,  whicli  represents  somites  vu  and  Viii,  the  early 
appearance  of  the  appendage  is  seen.  In  somite  vil  the 
ccelome  is  already  greatly  reduced  and  no  trace  of  an  append- 
age is  to  be  seen.  In  the  next  somite  (viii)  the  appenaa^  is 
plainly  visible.  It  is  marked  off  from  somite  Yll  by  a  sBght 
groove,  while  the  groove  separating  it  from  somite  IX  is  deeper 
and  directed  forward,  giving  the  limb  a  markedly  backward 
direction,  a  tendency  which  is  even  more  pronounced  in  later 
stages.  Its  outer  wall  is  formed  of  several  layers  of  cells 
while  the  coelomic  pouch  sends  into  the  budding  appendage 
an  outgrowth  like  that  described  by  various  authors. 

With  farther  growth  the  conditions  just  described  become 
more  strongly  emphasized  ;  the  anterior  demarkation  of  the 
appendage  becomes  more  and  more  faint,  while  behind,  the 
inpushing  becomes  more  and  more  marked,  so  that  eventually 
a  pit  is  formed,  actually  extending  into  the  general  body  8U^ 
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face,  the  outer  wall  of  the  pit  being  formed  by  the  appendage 
whose  growth  we  are  tracing.  This  pit  forms  the  pulmonary 
sac  and  the  opening  of  the  inpushing  persists  as  the  respiratory 
stigma.  At  no  time  do  the  appendages  rise  to  any  considerable 
distance  above  the  general  abdominal  surface. 

The  changes  described  can  be  seen  by  a  glance  at  fig.  5 
which,  besides  the  points  already  mentioned,  shows  some  other 
features  worthy  oi  notice.  The  coelome  of  somite  vii  still 
persists.  That  of  vni  has  become  divided  into  two  portions, 
one  of  which  remains  in  the  appendage,  while  the  other  por- 
tion, reduced  in  size,  has  been  pushed  backwards  by  the  ingrow- 
ing pulmonary  sac.  The  sac  itself  is  irregular  in  outline,  its 
inner  wall  being  slightly  undulating,  while  its  outer  wall,  i.  e. 
the  morphologically  posterior  surface  of  the  appendage,  has  its 
ectoderm  thrown  into  folds,  the  anlagen  of  the  leaves  of  the 
lung-book.  The  ectoderm  lining  the  inner  wall  of  this  sac  is 
but  a  single  cell  in  thickness,  but  that  of  the  appendicular  side 
is  thicker,  the  nuclei  being  rather  irregularly  arranged,  the 
pulmonary  ingrowths  forcing  their  way  between  them.  In 
this  stage  but  two  lung  leaves  are  outlined,  as  shown  in  the 
figure. 

In  eggs  of  the  same  lot  as  the  last,  a  stage  apparently  a  little 
older  was  found ;  and  from  it  the  section  figured  in  6  was 
drawn.  In  its  general  features  the  changes  are  slight  but  there 
are  some  details  of  importance.  From  the  fact  that  the  plane 
of  this  section  is  not  the  same  as  that  of  the  last,  the  appendicu- 
lar coelome  is  not  shown,  while  the  coelomic  cavity  of  the 
body  is  here  much  larger.  So,  too,  the  inner  wall  of  the  pul- 
monary cavity  is  shown  to  be  thicker,  a  fact  "probably  due  to 
the  obliquity  of  the  section.  In  this  stage  four  gill  leaves  are 
shown,  the  most  developed  ones  being  the  most  distal  ones. 
In  these,  too,  the  nuclei  are  already  arranged  with  their  major 
axes  parallel  to  the  plane  of  the  leaves.  Proximally  the  leaves 
are  much  shorter  and  the  nuclei  are  irregularly  arranged. 
These  facts  place  it  beyond  a  doubt  that  the  growing  point  of 
the  organ  is  at  the  base  of  the  appendage,  a  point  of  no  little 
importance  in  comparison  with  the  Xiphosures. 

Fiffure  10  shows  the  ventral  view  of  the  embryo  at  the  stage 
which  figures  5,  6  and  8  represent  in  sections.  This  stage  is 
about  two  or  three  days  before  the  reversion  of  the  embryo. 
Changes  during  this  period  are  very  rapid.  In  4-5  days  after 
this  stage  the  lungs  are  almost  fully  developed  and  have  about 
the  same  appearance  as  in  hatched  specimens,  except  in  size 
and  number  of  lamellse.  The  embryo  hatches  in  from  7-8 
days  after  the  stage  figured  in  10. 

With  the  reversion  of  the  embryo,  the  changes  rapidly  pro- 
ceed toward  the  adult  condition.     In  fig.  7  I  insert  an  illustra- 
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tion  which  serves  to  conneot  mj  aoooiint  with  the  mpen  of 
Locy,  Eishinoaje,  Laurie  and  others.  Here  the  gill  lamdle 
have  slightly  increased  in  nnmber  white  they  have  become 
greatly  increased  in  length.  In  the  figure  the  pulmonary  aie 
is  somewhat  f  annel-shaped  owing  to  a  pulling  open  of  the 
spiracle  in  some  process  of  manipulation. 

From  this  st^  the  transition  to  the  conditions  described  by 
MacLeod  and  Looy  is  but  slight  and  although  I  have  studied 
the  later  stages  up  to  and  even  beyond  hatcmiu;',  my  obserFi- 
tions  are  bnt  a  confirmation  of  theirs  and  so  i  do  not  repeat 
them  here.  The  lungs  are  well  developed  and  apparently 
ready  to  function  as  respiratory  organs  at  the  time  of  natehing. 
With  the  growth  of  the  youne  spider  the  principal  changeB 
are  an  increase  in  the  number  oi  lamellss  and  a  corresponding 
increase  in  the  size  of  the  pulmonary  oigan,  the  new  lamelliB 
being  formed  at  the  inner  end  of  the  sac 

TVocAsot 

The  study  of  these  has  been  a  matter  of  considerable  diffi- 
culty and  I  have  been  able  to  follow  with  certainty  only  the 
earlier  stages.  The  trachesa  arise  behind  the  appendage  on 
somite  IX,  which,  in  its  earlier  staaes  has  exactly  the  same 
history  as  appendage  Yiii.  There  is  the  same  inpushing  be- 
hind the  limb,  which  results  in  its  taking  a  position  not  point- 
ing outward  but  towards  the  median  line  and  oackward.  In  fig. 
8  is  seen  the  first  differentiation  of  the  trachese.  The  iopash- 
in^  has  given  rise  to  the  spiracle  as  before,  but  the  sac  which 
results  does  not  show  so  markedly  those  infoldings  of  the 
appcTidicular  wall  which  occar  in  the  case  of  the  lungs.  There 
is  at  most  but  a  slight  undulation  of  this  surface.  At  the 
inner  end,  however,  two  ingrowths  are  seen,  the  earliest  indi- 
cations of  the  formation  of  the  tracheal  twigs.  It  is,  however, 
ciisy  to  see  that  these  inpushings  are  to  be  compared  with  the 
infoldings  which  produce  the  lamellsd,  while  tne  undulations 
just  referred  to  admit  of  the  interpretation  that  they  are 
aborted  lung  leaves. 

After  the  reversion  of  the  embryo  the  same  parts  can  be 
recognized  (fig.  9).  The  inpushing  has  been  carried  to  a  greater 
extent,  and  sections  in  other  planes  show  that  this  ingrowth  is 
tubular  in  character.  The  cells  lining  its  walls  are  elongate 
and  are  already  taking  the  character  shown  in  the  tracheae  of 
the  adult.  At  the  inner  end  of  the  tracheal  trunk  thus  formed, 
the  nuclei  are  arranged  in  a  radiating  or  bush-like  manner, 
apparently  indicating  that  here  is  the  place  where  the  trunk  is 
about  to  divide  into  the  tracheal  twigs,  but  I  have  not  been 
able  to  trace  any  tracheal  Inmina  between  these  cells.  I  have 
not  followed  the  later  history  of  the  tracheal  system  with  any 


O,  L.  Simmons — Developm^ent  of  Lungs  of  Spiders.     127 

detail  but  think  that  the  fore^oin?  is  sufficient  to  justify  my 
thesis  that  the  tracheas  and  the  lungs  are  to  be  regarded  as 
homologous  structures.- 

Conclusions. 

From  the  preceding  it  will  be  seen  that : 

!•  The  lungs  of  the  spider  arise  as  infoldings  upon  the  pos- 
terior surface  of  the  appendages  of  the  second  abdominal 
somite  in  the  same  manner  as  described  by  Kingsley  ('85  and 
'93)  for  the  gills  of  Limulus.  They  have  the  same  growing 
point  at  the  base  of  the  appendage  and  form  the  lung  leaves 
in  exactly  the  same  way  that  the  gill-leaves  arise.  In  other 
words,  the  lung-book  of  the  spider  (and  presumably  of  all 
arachnids  which  possess  one)  arises  at  first  as  an  external  struc- 
ture upon  the  posterior  surface  of  the  abdominal  appendages. 
These  appendages  sink  in,  without  any  inversion  or  other  com- 
plications, in  exactly  the  manner  theoretically  deemed  proba- 
ble by  Kinsgley,  so  that  there  can  no  longer  be  any  doijbt  as  to 
the  exact  homology  existing  between  the  lungs  of  the  spider 
and  the  first  pair  of  gills  in  the  horse  shoe  crab. 

II.  The  tracheae  develop  from  the  next  pair  (third  abdomi- 
nal somite)  of  limbs.  In  their  earlier  stages  these  appendages 
show  on  their  posterior  surface  a  folding  similar  to  tnat  on  the 
preceding  members.  From  this  it  follows  that  the  lung-book 
condition  is  the  primitive,  the  tracheae  of  the  Arachnids  being 
derived  from  it.  And  with  these  facts  there  is  left  no  ground 
for  those  who  regard  the  "  Tracheata  "  as  a  natural  group  of 
the  animal  kingdom. 

Tufts  College,  Mass.,  May  25th,  1894. 
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KXPLANATION   OF    THK   FIGURES. 

•  Kefkrknce  Letters. 

(/'.-ff'^  Appendages.  s.  Spiracle. 

r '.-'•' ^  Cielomie  cavities.  so.  Somatoplure. 

V.      Koto<lerm.  sp,  Splanclmoplure. 

///.     MeScKierm.  /.  Trachea. 

l>r.    ruluionary  cavity.  y.  Yolk. 

pi.     Pulnumary  leaves. 

All  ligures  except  fig.  10  arc  magnified  126  diameters. 

K.XPLANATION    OF   TIIK    PLATE. 

Ku..  1.— .\   >uuiti:il  xM'tiou  showing  the  ca*lomic  cavities  of  the  vii,  vni  and  IZ 

^••uiilt'?. 
Kk;.  J.— .\   >Mi:.ttnl  .-trtiini  throu^rh  the  same  rejfion  as  the  preceding  at  a  little 

l;it«  I  -ta^^c.     The  cot.'lninic  j»ouch  of  the  x  somite  is  seen  as  well  as 

lit'  iii]»u>hniL'>  of  ei't(.)d«Tm  behind  somites  vii  and  vni. 
Kk;.  ii.-   A    <•  .lioii   cut   un«kr  o(intlitit)iJS  similar  to  those  of  the  two  preceding 

-i.ii.'us.     TIk-  si;i^e  is  a  little  later  than  tig.  2  and  sliows  the  ca*lomic 

•  avity  of  .-oiiiiir    \i  and  fiirther  inpushings  of  the  ecto<ierm.     In  all 

•  >r  !!.<■  [Ill  fi'tliiiij-  siH'tions  thi*  somatopluric  wall  is  the  thicker. 

Fn;.  1.  -  III  t!ii>  tijino  tin*  cd-loiiu'  of  sonute  vii  is  much  reduced  in  size.  The 
.'1  ...iii«  t>!"  \  ill  is  l'»eiiiiiiiii:  to  thrust  itself  into  the  ap{)eDdage,  wljich 
i-  ni,iik<«l  otT  I'V  a  "-hallow  i:ro(»ve  in  front  and  by  a  deeper  inpusliing. 
wi.i'-l.  ■'.;.-  a  forward  «liri'ct '.on,  iM-lwoen  somites  vili  and  i\. 

Fn;.  .■>.--l!i  tlii-  ^f,-tioii  \\:v  iIlpllshlll.L^  ^('cw  \\\  ti^.  4,  has  gone  much  farther, 
'l;\i'ii:!'j  i!i''  col-'inc  (.)f  .-uiiiiU'  viii  into  two  parts.  <.)n  the  inner 
wall  of  tl,'    appdiMaut'  ar»-    twi)  inj)ushings  wliich  aro  the  hegiDDiugs 

ill    W  \-  lalia  la    ot     ;ln.'  llMii:  Inxik. 

Pj,;   r,.--,v  >•■'■! am  of  I'.f  a)ii'<ii'la^r«'  o\  >.Miut«*  VIII  cut  at  a  cUfferent  angle  from 

tla-  ]"■<  ••(•'liiiu.       I'a  Pf  f.i'.ir  laMicll.a-  arc  Seen. 
Pi,;    7, —  .\  ~au:inal  -(<i!oii  froia  a  .-la^f  ju>l  after  the  reversion  of  the  embryo. 
P],;_  s. — A  sf. ■! ion  'if   ij.c  .-ii.in-n'la'.:*'  of  lla-  L\  somite,  showing,  at  the  inner  eiid 

i»r  il.(.-  iii|>ii>li!ii^.  tin'  ln-j^Hniiiii^  oi   the  trarlieal  tubes. 
fi,j^  'J. — A  >*.'tti(>n  of  tlu'  tra'laal  rt'-i<«ii  afttT  llu- reversion  of  the  embryo. 
Pi(j^  1(1 — riii<   iiLMHf   i.-   a   ri'i)r«'sviiiailon  of  the  ventral  surface  of  an   embr^'O 

wliicli  is  al>o>jf  ilic  <anir  aj^^-  as  ilio^c  from  which  sections  seen  in  tigs. 

6,  ('»  and  S  were  cut. 
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Art.  XVI. — On  Ahmiie^  from  Hed  Mountain^  Ouray 
County^  Colorado ;  by  E.  B.  Hurlburt. 

The  alunito  which  will  be  described  in  this  communication 
occurs  as  an  aggregate  of  minute  crystals,  resembling  kaolin, 
filling  pockets  and  seams  in  the  ore  body  of  the  National  Belle 
Mine  at  Eed  Mountain.  The  ore  that  is  mined  is  chiefly 
enargite  with  some  tetrahedrite  and  pyrite.  A  small  quantity 
of  the  mineral  was  observed  by  Proi.  S.  L.  Penfield  on  some 
enargite  specimens  among  material  which  had  been  collected 
by  him  while  engaged  in  summer  work  with  the  United 
States  Geological  Survey,  and  through  the  kindness  of  Mr. 
W.  B.  Wilson,  superintendent  of  the  mine,  an  abundant  sop 
ply  was  obtained.  It  was  at  first  supposed  to  be  a  well  crj*s- 
tallized  kaolin,  similar  to  that  descrioed  by  Hills,^  Cross  and 
Hillebrandf  and  Ileusch:{:  from  the  same  mine,  but  the  shape 
of  the  crystals  and  the  optical  properties  did  not  correspond  to 
the  description  of  the  above  named  authors.  Moreover  when 
heated  in  a  closed  tube  abundant  water  was  given  off  along 
with  SO3  and  SO,  and  the  mineral  was  determined  to  be 
al  unite. 

The  form  of  the  crystals  as  seen  under  the  microscope  is  a 
combination  of  rhoinbohedron  and  base,  shown  in  vertical  pro- 
jection by  the  figure.  The  largest 
crystals  were  about  0-13"'™  in  diam- 
eter and  O-Ol'""*  thick.  Professor 
Penfield  succeeded  in  measuring  one 
of  these  minute  crystals  on  the  re- 
rtecting    goniometer    but    the    faces 

wore  somewhat  rounded  so  that  thev 

*, 

did   not  give  good    refiections,   the 
angle  of  base  on  rhonibohedron  was 

found   to  be  about  54*^  while  Breit- 

haii])t  gives  for  alunite  c*/\/*,  0(M31a 
loTl  ~  :).->'  2n'.  The  crystals^  exhibited  normal  optical  prop- 
crtic--  and  jxjsitivc  duubk;  refraction. 

To  ^^(M•llr^.'  ."-uitahle  material  for  analysis  the  mineral  was  sns- 
jKMided  in  \vat(M-  and  the  smaller  crystals  poured  oiT.  The 
laru-er  oiie^  were  then  brought  into  the  potassium  mercuric 
iodide  solution  and  further  purified,  that  portion  which  wiis 
taken  for  analysis,  and  which  constituted  the  bulk  of  the 
material,   varied  in  sjU'citie  j^ravity  between  :i'82<>  and  :2"^4o, 

*TIii<  .Tor.nul,  III.  xxvii.  p.  172.  1884. 
\  null.  (;.<.lf.-   .<»irv.'V  20,  p.  OS,  1885. 
X  X.ii-   .lal.rb..  l^ST.'ii,  p.  70. 
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hich  is  considerably  higher  than  that  given  by  other  authors 

»r  alunite. 

The  results  of  the  analysis  are  as  follows  : 

Theory  where 
Ratio.  K:Na:4:7 

SO, 38-93  -486 4-00  39'66 

Al.O: 39-03  -382 3-12  37-93 


^^  % 


K.0 4-26         -042)    ,,^  ^.  4-21 


s 


Na.0 4-41         -075  f       ' 4-83 


9 


}• 


117 -96 


H.O 1335         -741 6-07  13-38 


« 


Insol -50 


100-48  100-00 

The  ratio  of  SO, :  Al,0,:(K+Na),0:H,0  is  very  nearly 
:  3 : 1 :  6  as  required  by  the  eoramonly  accepted  formula  of 
anite  KAl,S,Oj„  3H,0.  The  agreement  between  the  theory 
id  analysis  is  satisfactory.  The  mineral  suffers  no  loss  by 
mating  in  an  air  bath  at  300°  C.  and  water  is  first  given  on 
a  temperature  near  redness.     It  is  therefore  to  be  regarded 

water  of  constitution  and  the  formula  should  be  written 
[A1(0H),].(S0.),. 

An  interesting  feature  of  this  analysis  is  the  large  percent- 
:e  of  sodium,  the  ratio  of  K :  Na  being  about  4 : 7,  while 
unite  has  usually  been  regarded  as  a  potash  compound  only, 
nether  interesting  feature  is  the  insolubility  of  the  mineral 

hydrochloric  acid.  By  digesting  for  two  weeks  on  the 
ater  bath  13-30  per  cent  of  the  mineral  and  3*84:  per  cent  of 
J,  went  into  solution. 

The  occurrence  of  alunite  from  the  Rosita  Hills  in  Colorado 
18  been  mentioned  by  Cross,*  who  regards  its  formation  as 
e  result  of  solfataric  action  on  rhyolite.  The  material  de- 
ribed  by  him  consisted  of  immense  rock  masses  made  up 
sentially  of  alunite  and  quartz.  He  cites  an  analysis  of 
jarly  pure  white  crystals  made  by  Eakins  in  which  the  ratio 

K :  ^a  was  found  to  be  nearly  4  :  7  corresponding  to  the 
aterial  from  Red  Mountain.  The  origin  of  the  mineral 
om  this  last  locality  is  probably  similar  to  that  from  the 
osita  Hills. 

In  closing  the  author  desires  to  express  his  thanks  to 
rofessor  Penfield  for  valuable  advice  during  the  progress  of 
is  examination. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  1894. 

•  This  Journal,  III,  xli,  p.  466,  1891. 
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Abt.  XYTL—On  ike  GmfgroMe^md  Hmmmelrie  DiOrihh 
Han  qf  Jfcrik  Amenoam  Vimpmndm  jf^hj  R.  Ellsworth 
Call,  LooiBTiUe,  Ky.    (Wtth  Ibpi)    * 

Ix  some  respeets  theie  unafttnMstim  molhiBkB  oonstitote  a 
remarkable  aoBemblage  of  natonl  fomu.  Tbej  ub  not  widely 
ieuarated  in  jx>int  of  |{eologieal  Uatoiy  from  Uie  MiaBisBippi 
valley  Uniomdm  which,  with  theie  aheDii  aipparently  date  baa 
to  Btrata  of  Laramie  age.  Speeinieiia  reramd  to  thia  geniu 
have  been  deacribed  from  Laramie  rooks  in  llootana,  Colorado, 
Wyoming  and  Britiah  Ameriea.  It  is  more  than  prolMible  that 
from  this  region  as  a  center  all  fhe  raeenl  forms  have  beoi 
derived. 

The  Vivipofridm  of  North  Amerioa  aro  all  comnriaed  in 
fonr  genera.  Of  theae  the  apeoies  nnmbeis,  as  well  as  indi- 
vidnds,  differ  widely.  The  roeognised  nataral  {n^era  an 
Tulotomay  with  two  speeies ;  LkmEmf  with  two  apeeiea ;  Ftw- 

ftra^  with  four  speciea ;  and  CSmpdamOy  with  nine  apecieB. 
here  are  many  aynonymic  nameai  diiefly  in  the  Gampelomoid 
section  which  is  the  moat  widdy  diatribnted  and  ia  by  fiar  the 
most  abundant  in  individnala.  QneBti<»s  of  priori^  in  no 
wise  enter  into  the  plan  of  this  paper  whieh  naa  to  do  solelj 
with  qaestions  of  geographic  distnbntion  and  the  hypaometne 
raii^e  of  the  several  forms.  Yet,  to  prevent  misconception,  it 
will  be  necessary  to  indicate  the  names  which  we  believe,  with 
present  information,  must  be  applied  to  the  members  of  these 

f groups.     The  remaining  name«,  familiar  to  students  of  mol- 
usca,  will  be  regarded  as  synonyms  of  one  or  another  fonn 
herein  listed. 

With  this  restriction,  then,  it  is  proposed  to  recognize  in 
Tulotoma  the  following  forms : 

Tidotoma  magnifica  Conrad. 
Thdotoma  coosmnsis  Lea. 

In  Vfvljxira  the  following  forms  will  stand  : 

Vivipara  intertexta  Say. 
VfVf'para  suhpurpurea  Say. 
Vivipara  coutectoides  W.  G.  Bioney. 
Vivipara  troostiana  Lea. 

Tlie  genus  Lioplax  will  comprehend  the  following  forms  : 

Lioplax  cycloatomatiformis  Lea. 
Liojylax  Huhcarinata  Say. 

*  Read  before  the  Indiana  Academy  of  Sciences,  December,  1893. 
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The  largest  genus,  Campelomaj  will  have  the  following 
species  ana  varieties: 

Campelom  a  ponder 08um  Say. 
Campeloma  decisum  Say. 
Campeloma  suhsolidum  Anthony. 
Campeloma  integrum  DeKay. 
Campeloma  ruftim  Haldeman. 
Campeloma  coarctatum  Lea. 
Campeloma  decisum  geniculum  Conrad. 
Campeloma  limum  Anthony. 
Campeloma  integrum  obesum  Lewis. 

The  specific  facts  here  indicated  may  not  be  in  accordance 
with  those  which  are  usually  held  by  collectors.  But  this 
arrangement  is  based  upon  the  examination  of  several  thousand 
specimens  from  all  over  the  wide  range  of  territory  to  which 
tney  belong.  What  disposition  may  be  made  of  several  prob- 
leoiatical  forms  will  depend  upon  more  complete  collections  in 
the  southwestern  portions  of  the  Union. 

The  species  of  Campeloma  of  widest  geographic  range  is 
Campeloma  decisum.  Say.  Rather  more  than  two  thousand 
specimens  of  this  form  alone  have  passed  in  review  during  the 
past  twenty  years  until  its  particular  features  render  it  very 
easy  of  identification.  This  form  ranges  from  the  Dartmouth 
Lakes,  Nova  Scotia,  northwestward  through  portions  of  Que- 
bec and  Ontario  to  the  northern  shore  of  Lake  Superior  and 
on  to  the  Saskatchawan  river,  British  America.  Throughout 
all  this  region  it  is  commonly  scarce,  being  found  nowhere  in 
abundance  except  in  the  St.  Lawrence,  near  Montreal.  From 
Nova  Scotia  southwards  the  species  ranges  throughout  New 
England  to  Maryland  and  Virginia.  It  does  not  occur  south 
of  the  Ohio  river  in  the  region  west  of  the  Appalachian  sys- 
tem. That  is  to  say  no  formic  which  may  not  better  be  re- 
ferred to  some  other  member  of  the  group  have  yet  occurred 
south  of  that  stream.  The  westernmost  range  of  the  form  is 
Michigan  and  Minnesota.  Under  the  name  of  Campeloma 
decisum  however  numerous  shells  belonging  to  the  related 
Campelom/i  subsolidum  have  been  submitted  to  us  and  very 
many  more  are  to  be  noted  in  the  United  States  National 
Museum  and  in  other  large  collections.  Bat  typical  decisum 
has  to  be  looked  for  only  within  the  portions  of  the  country 
above  outlined.  The  variety  herein  designated  as  Campelo7na 
decisum.  geniculum  Conrad  will  extend  the  range  far  to  the 
south  but  the  characters  of  the  variety  appear  to  be  so  constant 
and  to  have  such  well  defined  geographic  limits  that  it  is 
deemed  best  to  separately  consider  it. 
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Oampdama  deoiium  is  a  verj  abmidaiit  ihell  in  Centnl 
New  York,  in  the  Mohawk  river  and  etpeoiallj  in  the  Eric 
Oanal  wherein  are  to  be  fonnd  the  opamnm  eonditions  foi 
development  and  growth.  Indeed,  as  one  panes  from  Maim 
westwards  to  New  York  the  form  appears  to  beoome  ineress 
ingly  abundant  It  finds  its  mazimnm  in  individnals  in  Nei 
York  and  either  ceases  entirely  in  the  regions  about  or  grada 
ally  is  replaced  by  the  other  forms  mentioned  herein. 

Conraa's  form,  the  genienlate  variety,  has  been  discoverec 
in  Sonth  Carolina  and  onwards  to  midole  Alabama.  It  is  \ 
very  common,  often  abnndant  shell  in  the  laiger  streams  a 
OteorfAs,  and  in  the  smaller  ones  of  the  northern  portions  o: 
that  State  and  Alabama.  Extensive  oolleeting  over^  all  th< 
regions  in  ru)rthwest  Geoigia  never  fidled  to  reveal  it  in  al 
streams  in  which  mollosks  of  any  sort  were  fonnd,  except 
indeed,  in  the  very  smallest  In  most  of  the  tribntaries  o 
the  Coosa  it  appeared  and  alwavs  with  its  well  marked  charac 
ters.  Its  range  may  be  regarded  as  pretty  well  limited  by  i 
line  drawn  along  the  Appaladiians  from  the  boundary  o 
North  Carolina .  to  near  Wetnmpka.  Alabama,  thenoe  sontb 
eastwards  to  the  Flint  river  at  and  below  Albany.  Thence  i 
passes  northwards  to  middle  Sonth  Carolina  and  to  the  plao 
of  starting.  Without  this  area  it  has  not  yet  been  detected 
What  relation,  if  any,  this  peculiar  form  may  sustain  to  th 
conditions  of  its  environment  as  a  causal  factor  in  determin 
ing  its  modiiication  one  may  only  gness  rather  than  state.  Bo 
it  is  believed  that  therein  will  lie  the  explanation. 

The  most  widely  distributed  western  species  of  Gampelona 
is  the  form  described  by  Anthony  as  G.  auhsitltdnm.  Unde 
the  various  synonymic  names  of  C.  milerii  Lea  and  C.  exili 
Anthony  the  typical  shell  occurs  over  a  very  extensive  region 
embracinigr  Indiana,  Illinois,  Iowa,  Michigan,  Minnesota,  Ne 
braska,  Kansas,  Missouri,  and  portions  of  Arkansas  and  possi 
bly  Kentucky.  Specimens  which  are  best  referred  to  thi 
species  have  been  submitted  from  Arkansas  but  they  pass  int< 
tiie  more  southern  and  characteristic  Campeloma  coarctatun 
Lea.  Over  southwestern  Michigan  and  in  Minnesota  this  shel 
is  very  abundant  and  quite  characteristic.  In  the  lakes  o 
Northern  Indiana  and  Illinois,  as  well  as  in  those  of  Minne 
sota,  the  sliells  are  lighter  both  in  texture  and  in  color  thai 
when  found  in  rivers  or  creeks.  To  this  circumstance  is  da< 
the  reference  of  very  many  specimens  of  this  form,  which  i 

?uite  characteristic,  to  Campeloma  decisum.  Throughout  th 
Tpper  Mississippi  river  this  is  the  only  species  of  Campeloma 
Nortli  of  St.  Louis  it  gradually  grows  more  common  beconn 
ing  abundant  in  that  stream  along  Iowa  and  Illinois  shore* 
The   most    northern    localities    are    Ft.  Snelling,  Minnesota 
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whence  come  specimens  from  the  Minnesota  river,  and  the 
Big  Sioux  river.  To  the  sonth  of  Missouri  it  is  replaced  by 
its  congener  Campeloma  coarctatuin  Lea.  It  has  never  oc- 
curred in  any  stream  which  is  not  tributary  to  the  Mississippi 
or  which  does  not  belong  to  the  Mississippi  drainage.  Its 
center  of  distribution  appears  to  be  the  Mississippi  river  in 
that  portion  of  its  course  which  lies  between  Minneapolis  and 
KeoKuk. 

Numerous  examples  of  a  much  thinner  and  lighter  colored 
variety  come  from  ponds  and  lakes  all  over  the  area  of  distri- 
bution of  this  species.  To  these  collectors  commonly  give  the 
name  of  Campeloma  decisum  Say.  But  the  less  ventricose 
whorls,  elongated  peristome,  dark  olive  color,  longer  spire  and 
heaner  texture  will  serve  to  differentiate  them  from  Say's 
form. 

The  form  described  by  DeK^y  as  Campeloma  integrum  has 
a  less  wide  distribution  than  either  of  the  forms  previously 
mentioned.  Hare  specimens  have  been  found  in  western  Con- 
necticut and  Massachusetts.  In  New  York,  particularly  in 
the  Erie  Canal,  it  is  very  abundant  and  large.  Thence  it 
ranges  westwards  to  middle  Ohio  where  it  assumes  such  widely 
diversified  characters  that  a  variety  name  has  been  established 
for  it.  In  soutliern  Michigan  and  western  Indiana  this  species 
occurs  in  considerable  abundance  but  nothing  like  those  in 
which  it  is  found  in  the  New  York  localities.  It  has  not  been 
reported  south  of  the  Ohio  river  nor  south  of  Pennsylvania. 
The  specimens  which  have  been  reported  from  west  of  the 
Mississippi  river  belong  either  to  Anthony's  species  or  to  the 
variety  mentioned  below.  The  limits  of  distribution  of  De- 
Kay's  form  then  will  be  from  western  New  England  to 
Indiana  and  Michigan  and,  so  far  as  we  now  know,  mostly  in 
streams  of  the  Lake  drainas^e. 

Campeloma  integrum  ohesum,  Lewis,  belongs  only  to  the 
region  west  of  the  Appalachians  and  north  of  the  Ohio  river. 
It  came  originally  from  Columbus,  Ohio,   where  it  abounds. 
Specimens  have  been  taken  in  considerable  numbers  in  Kent 
county,  Michigan.     In  the  Rouge  river.  Grand  river  and  Reed's 
Lake,  in  Michigan  the  species  abounds.     West  of  the  Missis- 
sippi river  it  has  occurred  only  in  one  locality,  near  Iowa  City, 
Iowa,  where  it  exists  in  very  large  numbers  in  a  small  stream. 
About  Columbus,  Ohio,  the  species  appears  to  be  very  prolific. 
Dr.  James  Lewis,  who  described  this  shell,  originally  based  his 
work  on  the  nwle  shell.     Later  the  female  form,  with  young 
shells  in  the  ovisacs,  fell  into  his  hands  ;  the  great  numbers  of 
young  coupled  with  the  much  more  ventricose  form  of  the 
body  whorl  caused  him  to  erect  a  new  species  which  he  called 
Campeloma  fecunda.     The  identity  of  the  two  is  now  estab- 
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lished  beyond  questioiL  It  may  not  be  nniaterciting,  in  this 
connection,  to  aay  that  CampJoma  euilU  Anthony  and  Camr 
pdoma  miUrii  Lea  are  both  speoies  whioh  are  based  upon  the 
male  of  Campdama  subiolidum  Anthon;^ ;  the  malee  of  aU 
the  known  speciea  are  very  much  emaHeri  in  ewy  correspond- 
ing dimension,  than  are  the  females. 

The  form  described  as  Oampelama  ryf^m  Haldeman  his  a 
fairly  wide  range  OFer  the  northmi  ITnitod  States  from  Taun- 
ton, Maseaohnsetts,  and  WatOTbniy.  Oonneefeiea^  to  Bum  river, 
in  Minnesota.    It  is  common  ana  abandant  in  New  York, 
Ohio,  Michigan,  Indiana,  and  in  northeastern  Blinois.    It  hss 
been  seen  f  rdm  west  of  the  Mississippi  river  only  in  the  Stite 
of  Minnesota,  from  a  locality  near  Anoka.    fVom  streami 
which  flow  into  the  Tennessee  river  in  east  Tennessee,  noteUy 
in  the  Hiawassee  river  and  Tellioo  creek,  come  spedmew 
which  are  referred  to  this  species.    In  all  tne  laifpe  number  of 
examples  which  have  passed  in  review  the  dbaraeters  are  re- 
markably  constant.     The  hiffhl^  polished  epidermis,  pink 
apical  whorls  and  usually  ruddy  interior  dutingnish  it  readily 
from  its  congeners.    Examples  of  other  fdrms,  wiUi  this  nsme 
frequently  come  to  us ;  but  they  are  oft»n  examples  colored 
witn  iron  oxide.    The  epidermis  of  very  young  examples  ii 
somewhat  hirsute  while  strisB  parallel  to  the  sntnres  occur  oo 
all  typical  examples.    The  southernmost  kmlity  from  whieh 
examples  have  come  to  us  is  Huntsville,  Alabama. 

A  nearly  related  form  comes  from  the  southern  States  all 
the  way  from  South  Carolina  to  Florida  and  west  to  Alabama. 
This  is  the  Campeloma  limum  Anthony.  The  nortlieminost 
locality  is  the  Santee  Canal  and  the  southernmost  Wekiva  river, 
Florida.  From  Montevallo,  Alabama,  and  Talledaga  creek  in 
the  eastern  portion  of  the  same  State  come  the  westernmost 
representatives  of  this  very  beautiful  shell.  Its  distribution  is 
quite  restricted  and  it  may,  perhaps  prove  to  be  but  a  highly 
marked  aberrant  form  of  Campeloma  rufum.  At  present, 
however,  the  facts  do  not  warrant  their  union. 

The  largest  species  of  this  genus  is  Campd(mMk pondsrasun 
Say.  Originally  described  from  the  Ohio  it  has  now  been 
recorded  from  nearly  all  its  greater  tributaries.  It  is  not  a 
form  which  occurs  in  small  streams  and  has  never  been  re- 
ported from  lakes  or  ponds  unless  they  were  in  connection 
with  some  great  river,  and  in  such  relation  as  to  receive  the 
overflow.  The  form  ranges  from  western  New  York,  in 
streams  tributary  to  the  Ohio,  to  the  Mississippi ;  southwards, 
along  the  west  slope  of  the  Alleghanies,  it  extends  to  the 
headwaters  of  the  Coosa  river,  the  Oostanaula  and  Etowah 
rivers.  In  the  Alabama,  which  is  but  the  continuation  of  the 
Coosa,  and  in  the  Tennessee  rivers  it  is  very  common  and  very 
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rge.  At  Bridgeport,  in  the  latter  stream  are  found  gigantic 
)ecinieDs  which  are  excelled  only,  in  size,  by  specimens  from 
le  Cumberland  at  and  about  Nashville.  In  the  greater  tribu- 
iries  of  all  these  streams  it  occurs  but,  as  in  the  region  north 

I  the  Ohio,  it  does  not  exist  in  the  smaller  streams.  West  of 
le  Mississippi  the  species  has  not  yet  occurred. 

Over  all  the  western  States  from  Arkansas  south  to  Texas 
id  east  to  central  Alabama  ranges  a  form  to  which  Mr.  Lea 
ive  the  name  of  Campeloma  ooarctatum.  In  the  White 
id  Saline  and  St.  Francis  rivers  in  Arkansas  as  far  as  Caddo 
ake  and  the  Kio  Brazos  in  Texas  this  shell  is  very  abundant, 
astwards  it  occurs  in  numerous  streams  in  Mississippi  and 
»uth  Alabama.     The  northernmost  locality  in  the  latter  State 

at  Helena  where  it  is  exceedingly  numerous  in  Buck  creek. 
;  appears  to  be  most  nearly  related  to  Campeloma  svhsolidum, 
3ing  related  to  it  somewhat  as  Cam,peLom,a  limum.  is  to  Cam- 
elama  rufum.  In  northern  Arkansas  it  is  replaced  by  the 
rpical  western  form,  Campeloma  subsolidum  Anthony. 

The  genus  Lioplax  has  but  two  representatives  and  these 
2cupy  not  only  entirely  distinct  areas  but  do  not  occupy  the 
irae  drainage  systems.  The  form  of  widest  distribution  is 
ioplax  svhcarinata  Say.  The  range  of  this  species  is  from 
le  Ohio  river  southwards  to  and  including  the  Tennessee 
iver ;  westwards  to  Missouri  and  central  Iowa ;  northwards 
le  range  is  limited  to  Minnesota  in  which  State,  at  Ft.  Snell- 
ig,  in  the  Minnesota  river,  it  occurs  abundantly.  In  Illinois 
od  Indiana  it  occurs  somewhat  numerously  in  certain  of  the 
irger  streams.  The  only  Kentucky  habitat  is  the  Licking 
iver  €0  far  as  present  information  goes.     These  localities  are 

II  west  of  the  Appalachians.  East  of  tliat  system  it  has  been 
eported  only  from  New  Jersey  in  which  State  it  was  originally 
oand.  With  this  exception  it  is  limited  to  the  north  central 
Itates. 

Its  only  other  congener,  Lioplax  cyclostomatlformis  Lea,  is 
eadily  distinguished  by  its  greater  irregularity  of  outline,  its 
ounded  whorls  and  its  characteristic  orange  colored  aperture. 
t  has  occurred  only  in  streams  of  the  Gulf  drainage.  Under 
ts  proper  name  and  the  synonymic  names  of  Lioplax  spill' 
mnii  Lea  and  lAoplax  elliottii  Lea  it  ranges  from  east  Mis- 
issippi  in  the  Tombigbee  river  to  Othcalooga  creek  in  Georgia, 
n  the  Alabama,  Cahaba,  Coosa  and  Flint  rivers  it  is  very 
bnndant.  Its  habit  in  the  Cahaba  and  Coosa  rivers,  where  we 
>II^ted  it  in  very  large  numbers,  is  very  interesting  and 
;culiar.  It  was  found  buried  in  the  mud  under  large,  flat 
cks,  from  under  a  single  one  of  which  it  was  sometimes 
ssible  to  take  300  or  more  examples  I     It  occurred  rarely  in 
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the  Black  Warrior  at  Tusealoo^.  Unlike  the  northern  .sliell 
many  specimens  were  obtained  in  certain  small  creeks  hut 
alwav?  under  conditions  similar  to  those  which  obtained  in  the 
Cahaba. 

Tff'ttoinn  htiitjutiiva  Conrad  will  include  all  the  forms  de- 
sorilKul  by  Dr.  Isaac  Lea  except  the  single  one  hereinafter 
mentionetl.  It  is  confined  to  a  single  stream  in  Alabama  and 
has  I  ►eon  obtained  in  but  two  or  three  localities  in  that  river. 
From  Wi»tumpka,  Alabama,  to  a  point  just  below  Clai?H;irne 
constitutes  the  extreme  range  of  the  genus  and  its  two  S])ecies. 
At  Wt'tumpka  it  was  found  in  wonderful  abundance  attached 
to  the  under  surface  i>f  tiat  rocks  in  the  most  swiftly  tlowinir 
pt>rtions  of  the  river  just  above  the  government  works.  Its 
discovtTv  was  quite  an  accident  and  several  davs  had  been 
sj^ent  in  its  search  when  a  fall  revealed  its  whereabouts. 

The  second  species  of  the  genus  Tfflofoma  ctM'tMTnxtM  Lei 
is  found  only  at  Wetumpka  and  in  similar  situations.  The 
very  yt»ung  and  perfect  shells  are  ornamented  with  minure 
hairs  arrauired  in  reffular  lines.  The  whorls  are  alwavs  niu^h 
nion*  i'onvex  than  those  of  the  associated  form  and  the  a;>er- 
tnre  is  never  anirulated.  All  the  other  names  are  svni»nvm> -f 
thesi*  two:  they  ehietly  apply  to  Conrad's  form. 

The  widest  distributiim  of  the  genus  Vivtjhira  is  see!:  i:^ 
the  form  Virtptnui  ct*ftfvrfOff/f*^  W.  G.  Binney.  This  ■:•cou^ 
all  <»ver  till-  Mis-iissij^jM  valley  from  Iowa  to  southern  Mi>>y.r! 
and  t'a>twanls  t«»  ei-ntral  Ohio.  Southwards  it  extt-r.-is  : 
Mi->i->i|»pi,  Alabama,  Ctenrgia  and  Florida,  l.»eing  abr.i.i.w.t  * 
all  tlir-r  Statt'>.  Ka>t  of  the  A]>]>aiachians  it^  ntirti.or:.::.  ^* 
ranL'«'  i-  in  Soiitli  Carolina.  l»ut  in  central  XewYrVi^j 
lar:;i*  ana  mvit  wliich  it  lias  become  distributetl  «'\v;:.j  :  r:- 
taiii  lav'-ririr  i.'«»ndition>.  Dr.  .lames  Lewis  colon i/i-i  a  :.v:.- 
btT  nM.M'iviMl  i' in  III  Ijliuois  in  the  Erie  Canal  and  iron:  :i>-i 
liavr  ari<rii  a  iin»<r  wonderful  number  of  descen-lar::-.  T-r 
Kric  (anal  tVniii  I'tiea  to  Tn»v  is  alive  with  them  ;  ni.i:.y  1.  v 

r-rairii   ini.i  the   Moliawk  river  and  have  there   fonT.  : 

I 

;^«'Til:i;    li«Miir.      A-idi'  Iroui   this  rapidly  disseminati:.^ 
iii'Wi  \  rr.  im  t".»niis  ••rM'ur  naturally  east  of  the  A}»p:;'.  :.".....>  ■ 
Till-   ii'-rrjii'i'ii    Sratr.-.      In  the  s»")Ut]ieastern  Stat*.-?  ■•:*:.■.:  :  '    • 
lia\r   Imi'Ii   !»;i-ri|   n])«i]i   t  Ills  >i»i'eie>  and  tlicsc  uniit'T  ".  •.  ■."    "^ 
.•t     I  ^/.y   '/  '  '/••'^^'•«'    Ti'von  and    1  //'/'y>»//v  ;/">/■'/ A?        ^.■...  . 
ln-rii    r'..!;-:ili'i-i-,l    in    ^tatiiiir    the    limits    of    this    :.::.        .   ■ 
>«nii!irrni?;.'-r  Iim.mII^n   wrst  «»f  tlii*  Mississippi  rivor  :-  :"  ".:. 
(  ri«K.  Tiiii-ki  <-. .mi;y.  nt-ai'  Little  liock. 

I'//'//-,//./  ////.//'.//■'  Say  d<M'<  nnt  occur  outsiTle  ■:■:  :.  ^  ^. - 
>i--i|)))i  va!!ry  i.'\«'«:»r  in  iM-rtain  pnrtirms  of  Lt»ni-i:i:..-..  1*  .* 
nri-inallv  «lr>«'iilMMl    tV«»Mi   lu-ar  New  Orleans  w!;v!.-.    •*:.-* 

■  -  _ 

norr]iwanl>  T.»  Whitr  I'car  Lake'  and   Winona.  Mi:.:.-.  >  : 
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eastern  Iowa  and  portions  of  Illinois  and  western  Indiana  it  is' 
an  abundant  shell  in  ponds  and  bayous  being  rarely  found  in 
the  more  swiftly  flowing  rivers. 

The  most  restricted  species  of  the  genus  is  Vivipara  troos- 
ttana  Lea  described  from  Tennessee.  The  original  locality 
was  unknown  to  Lea  who  described  it  as  having  been  received 
from  Dr.  Troost.  I  found  it  abundantly  in  a  small  stream  at 
Murfreesboro  and  think  it  possible  that  this  was  the  original 
locality.  It  has  been  found  at  no  other  place  so  far  as  we 
know  and  is  still  the  rarest  Viviparid  in  all  our  collections. 

The  form  known  as  Vivipara  subpurpurea  Say  is  found 
over  all  the  Mississippi  valley  from  Caddo  Lake,  Texas,  to  Ft. 
Snelling,  Minnesota;  thence  it  ranges  eastward  into  western 
Indiana.  In  the  Mississippi  river  at  Davenport  and  in  the  St. 
Francis  river,  at  Wittsburg,  Arkansas,  it  attains  the  maximum 
of  numbers.  It  has  somewhat  the  habit,  at  Davenport,  of 
Tvloioma  being  very  common  under  large  flat  rocks  in  the 
Moline  rapids.  In  the  niore  southern  localities  it  is,  like  most 
of  its  congeners,  a  mud-loving  form. 

The  facts  connected  with  the  hypsometric  or  vertical  distri- 
bution of  the  Viviparidm  are  relatively  few  in  number  and 
may  be  briefly  recited.  Of  the  localities  from  which  we  have 
seen  specimens  or  of  which  we  have  any  authentic  record 
most  of  them  lie  between  100  and  700  feet  altitude.  The 
species  which  has  greatest  vertical  range  is  Catnpeloma  dedsum 
which  is  reported  from  Hiram,  Ohio,  at  an  elevation  1260  feet. 
Many  localities  ranging  from  500  to  800  feet  altitude  have  been 
noted  ;  but  this  one  gives  the  greatest  vertical  range  observed 
up  to  the  present  time.  This  genus  has  the  greatest  geo- 
graphic range  and  it  is  not  surprising  that  it  should  also  furnish 
examples  of  extreme  hypsometric  distribution.  From  this 
altitude  it  extends  downwards  to  sea-level  or  with  10  feet  of  it 
at  Stonington,  Ct.,  and  several  localities  in  New  Jersey. 

Campdoma  mbsclidura  has  the  next  highest  distribution, 
specimens  having  been  taken  from  the  Des  Moines  river,  Iowa, 
at  Fort  Dodge,  at  an  elevation  of  1100  feet.  Campeloma 
oaarctatum  ranges  to  890  feet,  reported  from  Sedalia,  Mis- 
souri. It  ranges  downwards  to  within  20  feet  of  sea-level  as 
near  the  city  of  Natchez,  Mississippi.  Campeloma  rufum  has 
been  reported  from  only  one  locality  which  reaches  1000  feet 
altitude,  namely  at  Akron,  Ohio.  The  same  fact  is  true  for 
Campeloma  ponderosum  which  has  its  greatest  vertical  range 
at  the  same  place.  Campeloma  integer  has  never  been  taken 
at  an  elevation  greater  than  735  feet,  which  locality  is  the  St. 
Joseph  river,  at  South  Bend,  Indiana.  Campeloma  decisum 
geniculum  has  been  found  at  Athens,  Georgia,  at  an  elevation 
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of  705  feet.  Probably  this  form  will  be  found  to  range  con- 
siderably higher  since  we  have  many  examples  from  streams; 
in  northern  Georgia  whose  elevations  are  near  that  of  Athens 
or  even  greater  but  there  is  no  means  of  determining  the  exact 
height. 

Summing  up  all  the  facts  gleaned  in  comparing  the  eleva- 
tions of  the  various  localities  from  which  the  species  of  Camjy- 
lofiffi  have  been  sent  to  us  the  general  statement  may  be  ven- 
tured that  the  vertical  range  is  constantly  below  13CH)  feet 
Furthermore,  at  the  highest  limit  of  range  the  species  appear 
to  be  somewhat  depauoerate  and  in  other  ways  show  the  mtla- 
ence  of  environmentaf  factors  of  an  unfavorable  nature.    The 
several  species  of  Cainpeloma  find  expression  in  greatest  num- 
bers at  from  150  feet  to  600  feet  elevation.     Above  that  limit 
they  are  less  numerous  in  individuals.     This  last  range,  then, 
may  l>e  safely  regarded  as  the  limit  of  range  of   optimnm 
stations. 

Of  the  genus  Tulotinna  little  need  be  said.  Occurring  in 
only  one  stream,  the  Coosa  river  and  its  continuation  the  Ala- 
bama, the  range  of  course  is  determined  by  its  distribution  in 
that  stream.  Claiborne,  the  southernmost  limit,  is  about  16 
feet  elevation  ;  Wetumpka,  the  northernmost  range,  is  185  feet 
elevation.  Within  these  hypsometric  limits,  therefore,  this 
genus  and  its  two  species  are  confined. 

The  <^enu8  Vlvipara  comes  down  to  within  5  feet  of  the 
sea-level  in  Florida  and  Louisiana.  From  this  point  it  raiiires 
vcMtically  to  1150  feet,  in  a  sluggish  stream  near  Eniineiioe! 
ilissoiiri,  tributary  to  Jack's  Fork,  in  the  Ozark  mountainN 
M'here  it  al)(»un<ls.  But  one  species,  VrvljHira  conterloah^,  i? 
fouiul  at  this  extreme  elevation.  Thence  the  range  is  down  too 
feet  above  sea-level  near  Xew  Orleans,  Louisiima.  Like  (.\vn- 
j}(l<nnn  \\\o.  gemis  Vlvipf.n'ft  has  an  optimum  hypsometric  taw^ 
wliioli  falls  between  50  and  500  feet.  Of  the  4: species  which  we 
have  recoi!:iiized  Vir^jMrra  cotiUct^)u/eM  h^  the  greatest  vertical 
distrihntion.  The  form  known  as  Vi rtj/a ra  suhpvrjHi?*ea  coim'S 
next  with  a  iiiaxiniuni  vertical  range  of  722  feet,  at  which  ele- 
vation it  oecursin  the  ^[innesota  river,  at  Fort  Snelling,  Min- 
iies(»ra.  it  i>  |>raetically  iiii])os.sil)]e  to  make  any  comparisons 
l)etweeTi  this  shell  and  Viripdni  infertexta  \s\\\e\\  also  has  a 
similar  ran^-e  :  the  latter  form,  however,  does  not  conic  ?o 
nearlv  down  \(>  sea-level. 

The  i^cnus  /./(>///</./•  has  an  extreme  vertical  distribution  of 
abniir  Ti'ii  feet  whieh  is  the  altitude  of  Fort  Snelling,  Minne- 
sot:i.  where  it  oceurs  abundantlv.  At  the  Jefferson  Coal 
Mines,  on  the  Warrior  river,  in  'Jefferson  county,  Alabama, 
abundant  s])ecinhMis  of  the  irenus,  represented  by  Liophir 
cyvhfd(f7ti((tifintius,   have   been   taken.      The  altitude  of  this 


Penjield  and  Kreider — MinercUogical  Notes,  141 

locality  is  507  feet.  Wetumpka,  Alabama,  at  185  feet,  and 
Colnnibu8,  Mississippi,  at  208  feet,  represent  the  localities 
which  are  nearest  sea-level.  The  form  found  here  is  the  same 
as  that  of  the  Warrior  river.  The  other  form  of  Lioplax^ — 
Z.  subcarinata — has  a  mnch  greater  range  being  found  at  Fort 
Snelling,  in  the  Minnesota  nver,  at  an  elevation  of  722  feet, 
and  in  the  Raritan  river,  'New  Jersey  where  it  occurs  in  a  sta- 
tion some  12  feet  above  tide  water. 

The  accompanying  map  is  designed  to  present  at  a  glance 

the  chief  facts  now  known  in  the  distribution  of  these  forms. 

Its   drainage   features  are  based   upon   those   of  the  United 

States  Geological  Survey  Contour  Map.     In  but  a  few  cases 

have  the  mnemonics  been  employed  on  the  face  of  the  map. 

Their  introduction  in  greater  numbers  would  have  obscured 

the  facts  sought  to  be  illustrated  in  the  distribution.     Extreme 

localities  for  each  form  herein  mentioned  have  been  given  and 

by  an  inspection  of  these  and  mentally  connecting  them  the 

areas  of  individual  distribution  for  the  several  species  will  be 

a,pproxin)ately  shown. 

Louisville,  Kj.,  18th  Dec.,  1893. 


Art.  XVIII. — Mineralogical  Notes  ;  by  S.  L.  Penfield  and 

D.  A.  Kreidkr. 

1.    On  the  Identity  of  Hydrofranklinite  and  Chalcophanite, 

The  name  hydrofranklinite  was  given  by  W.  T.  Koepper* 
to  a  supposed  new  hydrous  oxide  of  iron,  zinc  and  manganese, 
from  Sterling  Hill,  near  Ogdensburg,  N.  J.  The  mineral  is 
described  as  crystallizing  in  small,  brilliant,  iron  black  octahe- 
drons, with  octahedral  cleavage.  The  original  chemical  exami- 
nation was  never  completed,  and  it  seemed  therefore  desirable 
to  investigate  the  mineral,  an  excellent  suite  of  specimens  in 
the  Brush  collection,  which  had  been  collected  by  Professor 
Brush  at  the  locality  in  1875,  being  available.  The  mineral 
occurs  as  a  coating  of  minute  crystals,  the  largest  not  over  1™°* 
in  greatest  diameter,  deposited  upon  a  manganese  ore,  which 
18  possibly  of  the  same  composition  as  the  crystals  but  not  dis- 
tinctly crystallized.  As  it  was  found  to  be  practically  impos- 
sible to  separate  the  pure  crystals  by  hand  picking,  the  metnod 
suggested  by  Retger8,f  of  separating  minerals  of  high  specific 
gravity  by  means  of  fused  thallium-silver  hitrate,  was  re- 
sorted to,  but  a  satisfactory  separation  could  not  be  eflEected  by 
this  means  as   much  of   the  gangue  was  of  about  the  same 

*  Appendix  III,  6th  ed.  Dana's  Min.,  p.  61.     Dana's  Min.,  6th  ed.,  p.  259. 
t  Jibrb.  f.  Min.,  1893,  I,  p.  90. 
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specific  gravity  as  the  crystals.  It  was  noticed,  however,  in 
washing  the  pulverized  mineral,  that  the  crystals  had  a  decided 
tendency  to  float,  owing  probably  to  the  smooth  surfaces  that 
they  possess,  combined  with  the  fact  that  water  does  not  seem 
to  wet  them.  By  covering  the  powdered  mineral  with  a  shal- 
low layer  of  water  in  a  large  beaker,  and  inclining  the  latter 
so  that  a  wave  or  ripple  passes  over  the  powder,  the  crystals 
are  readily  brought  to  the  surface,  and  by  a  little  manipulation 
almost  a  continuous  layer  of  them  can  be  made  to  float  on  the 
water.  By  repeating  this  operation  a  number  of  times,  and 
making  fractional  separations,  a  product  was  finally  obtained 
which,  when  examined  with  a  lens,  showed  only  brilliant  crys- 
talline particles,  and  which  could  readily  be  made  to  float 
wholly  upon  a  limited  surface  of  water.  The  mineral  was 
then  further  separated  by  means  of  the  thallium-silver  nitrate 
fusion  and,  excluding  the  heavier  and  lighter  portions,  a 
product  of  intermediate  specific  gravity  was  reserved  for  the 
chemical  analysis.  The  specific  gravity  of  this  material,  taken 
with  the  pycnometer,  was  found  to  be  4*012.  Rcepper  gives 
4-00-4-09  and  Moore  3-907  for  chalcophanite. 

Tiie  mineral  when  finely  pulverized  yielded  a  powder  of  a 
dark  chocolate-brown  color.  A  qualitative  analysis  showed  the 
presence  of  iron,  zinc,  manganese  and  water.  In  the  closed 
tube  water  is  given  oflE  at  a  very  low  temperature,  and  on 
stronger  ignition  oxygen  gas  is  liberated.  The  mineral  is 
readily  soluble  in  liydrocliloric  acid  with  evolution  of  chlorine. 
The  results  of  tlie  anulvsis  are  as  follows: 

Theory  wli'-ro 
Ratio.  Fe:  Zn  =  ?^:  - ' 

FeO 10  00  -l-H)  /....,        ,.,...  n-.>i 

Zn()..-_ is-iT,  -225  \'  '^^"^        ^^'  17-51^ 

MiiO     4S  27  -680  2-00  40-:i;< 

()  . 11-21  -701  2*06  11-11 

11,/) 11 -So  -058  1-91  rJ-ol 

Insoluble '25                                                      

lOO'UO 

Tlie  ratio  of  (  Fe  +  Zn)()  :  MiiO  :  O  :  H,( )  e(|nals  nearly  IrJ: 
2  :  1^,   itidicatin:::  that  the  composition  of  the  mineral  can  be 
exi)resse(l  hy  the  formula  K(),  2Mu(),,  211,0,  or  KMn/\,  2lU).    ; 
where  U=:1m*  and  Zn   in  the  |)i-oportion  of  about  S  :  13.     The    1 
al)Ove   foi'mula   is  identical   with  that  derived  hv  ifoorc"  tor 
chalenj>hanite.  except    tiiat  in   the  material   analyzed    by  hiin    . 
iron  was  i)ra(-ti(?allv  wantinic  and    U  =  Zn  and  Mn.     The  airroe-    ; 
ment  between  our  analysis  and   the  theory  is  quite  satisfactory. 
The  water  is  a  little  low.  iuit  the  material  may  have  suffered  a 
slight  alterati<;n  as  it  loses  its  water  very  readily,  some  going 

*  AiiK.T.  Clu'inist.  vi,  \\  1.  1875. 
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off  at  100°  C.  and  nearly  all  of  it  by  heating  the  fine  powder 
for  two  hours  at  200°  C.  The  water  is  therefore  water  of  crys- 
tallization and  the  mineral  is  undoubtedly  to  be  regarded  as  a 
hydrated  salt  of  the  acid  H,Mn,0^.  The  acid  in  question  is 
analogous  to  di-silicic  acid,  H,SiO„  a  normal  salt  of  which  is 
represented  by  petatite,  LiAl(SiO.),.  From  a  more  careful 
examination  of  tne  crystals  of  the  mineral  it  has  been  found 
that  they  are  not  isometric  as  stated  by 
Roepper,  but  exhibit  a  combination  of  ^*^'  ^' 

rhombohedron   and   base   as  shown  in      ^^ — • — c^J^^^ 
figure  1,  and  yield  a  perfect  basal  cleav-     y  /    \/\ 

ige.     In  reality  the  crystals  look  much      vy  '       X  \ 

more  like  octahedrons  than  would  be      \\       y'      /  \\ 
inferred  from  the  figure,  since  the  faces       \\       /      /     \\ 
we  vicinal  and  the  rhombohedral  planes        \\    ''      /        \\ 
curve  and  flatten  somewhat  as  they  ap-        \  \  /      /    ^     \\ 
proach  the  base.     No  satisfactory  meas-         \\    /  \ 

urements  could    be    made,   the   angle  V^V-/----^---^ 

ffysT*,  0001/slOll,   varying  several  de-  ^V-^-— ^'^ 

Sees,  but  averaging  near  that  given  by 
oore  for  chalcophanite.     The  crvstals  described  by  him  were 
scales  and  rarely  plates,  showing  the  combination  of  c  and  r. 

We  take  pleasure  in  expressing  to  Prof.  B.  W.  Frazier  of 
South  Bethlehem,  Pa.,  our  thanks  for  the  loan  of  a  specimen 
from  the  collection  of  Lehigh  University  which  was  labeled 
hydrofranklinite  in  Professor  Roepper's  own  handwriting  and 
which  was  in  every  respect  similar  to  the  material  analyzed 
by  us. 

2.   On  the  Separation  of  Minerals  of  High  Specific  Gravity  by 
means  of  the  fused  Double  Nitrate  of  Silver  and  ThaUium, 

Mineralogists  and  petrographers  are  certainly  indebted  to 
Dr.  J.  W.  Retgers  for  the  fortunate  discovery*  that  the  nitrates 
of  silver  and  thallium,  when  brought  together  in  the  molecu- 
lar proportion  of  1 : 1,  yield  a  doubie  salt,  which  fuses  at  76°  C. 
to  a  clear,  mobile  liquid,  having  a  specific  gravity  of  about  5 
and  miscible  with  water  in  all  proportions  at  temperatures  be- 
tween its  melting  point  and  100°  C.  The  melting  point  also 
diminishes  rapidly  as  water  is  added,  going  down  to  50°  or  60° 
C,  and  fusion  and  solubility  pass  uninterruptedly  into  one 
another.  We  have  thus  at  our  command  for  tne  separation  of 
mineral  particles  a  liquid  far  exceeding  in  specific  gravity  any 
of  the  previously  described  heavy  solutions,  and  which  has  the 
idvantage  of  being  practically  colorless,  neutral,  soluble  in 
skater  and  of  being  readily  recovered  from  the  aqueous  solu- 
ion  by  simple  evaporation  on  the  water  bath.  As  suggested 
\y  Retgers,  separations  may  be  made  in  test  tubes  heated  in  a 

*  Loc.  cit. 

Am.  Joitr.  Soi.— Third  Sbrtbs,  Vol.  ZLYIII,  No.  284.— August,  1894. 
10 
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water  bath.  After  a  separation  ih  comptetdd  and  the  fneion 
cooled,  the  test  tnbtt  in  broken  and  the  solid  cake  divided, 
when  the  LcHvier  and  lighter  portions  may  be  obtiiined  bv  die- 
solving  the  donble  salt.  There  are  some  disadvantages,  how- 
ever, m  working  with  test  tubes,  especially  as  it  is  always  cod- 
veiiient  and  freqnently  quite  necessary  to  secure  fractional 
separations  or  to  draw  off  the  heavy  material  from  the  bottom 
for  examination,  and  with  a  t«st  tube  this  cannot  be  accom- 
plished without  interrupting  the  whole  ex])erinient  and  clear- 
ing the  material.  As  the  ordinary  glaea  stop-cock  separating 
funnels  are  not  well  adapted  for  use  with  i 
fnsed  salt  at  a  temperature  uf  near  100°  0. 
an  apparatus  has  been  devit<ed,  whicli  is  illus- 
trated by  tig.  2  in  one-fourth  itj<  natural 
sine.  The  giaee  rod  is  ground  into  the  tube 
with  line  emery  aud  serves  as  a  stop  ccwk, 
This  apparatus  slips  inside  of  a  test  tube, 
and  a  rubber  band  is  eo  adjusted  around  the 
top  of  it  that  the  lower  end  of  the 
tulxi  comes  to  within  a  few  millimeters  of 
the  bottom  of  the  test  tube.  The  tubes  are 
most  conveniently  heated  in  a  l>eaker  of  hot 
water  and  can  bo  held  in  a  vertical  position 
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veniently  agitated  by  means  of  a  plnnger 
made  from  a  glass  rod  bent  at  one  end  as  id 
•^  fig,  3.  Before  drawing  off  the  heavy  mute- 
rial  from  the  bottom  it  is  best  to  placet 
loosely  fitting  perforated  cork  in  the  end  of  the  separating 
tube,  through  which  the  rod  passes  and  is  supported  so 
that  the  rod  can  be  raised  straight  up  and  dropped  btck 
into  place  without  fear  of  breaking  the  tube.  Difficulty  some- 
times arises  at  this  point  from  particles  getting  caught  in  the 
stopper,  so  that  after  the  heavy  portion  has  been  drawn  off  the 
rod  will  no  longer  close  the  tube.  If  the  particles  are  Braill 
and  not  too  hard  they  may  be  ground  out  by  twisting  the  rod, 
or  if  this  cannot  be  done  the  fusion  mast  be  allowed  to  run 
out  and  the  apparatus  cleaned.  But  even  in  this  latter  caee, 
there  is  a  decided  advantage  in  saving  of  time  over  the  use  of 
a  test  tube,  as  a  separation  has  been  accomplished,  and  the 
mineral  powder  and  apparatus  can  soon  be  made  ready  foi 
another  treatment  with  a  fresh  portion  of  the  fnsed  salt.  The 
stop-cocks  need  to  be  carefully  ground  in  order  to  make  them 

f perfectly  tight,  as  they  are  subjected  to  a  considerable  pressure 
rom  the  column  of  heavy  liquid,  but  a  slight  leakage  is  not 
especially  objectionable  as  the  few  drops  uiat  leak  out  are 
caught  in  the  outer  test  tube. 
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iRT.    XIX. — Carboniferous  Fossils  in  the  Norfolk  County 

Basin;  by  J.  B.  Woodworth. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

In  1880,  Messrs.  Crosby  and  Barton  published  in  this 
rournal*  an  accoont  of  the  discovery  by  them  of  traces  of 
bssil  plants  in  the  rocks  of  the  Norfolk  County  basin  in  Mas- 
achnsetts  at  a  place  near  the  present  station  of  Pondville  on 
he  Walpole  &  Wrentham  R.  R.  It  was  the  opinion  of  the 
inthors  that  these  plants,  together  with  the  physical  connect- 
ion of  the  rocks  of  this  basin  with  those  about  Attleborough, 
if  ass.,  in  the  northern  part  of  the  Narragansett  basin,  were 
jvidence  of  the  Carboniferous  age  of  the  series  of  strata 
tudied  by  them. 

Subsequently,  the  vegetable  nature  of  the  fossils  was  called 
n  question  in  an  unpublished  statement  by  an  observer  who 
lad  visited. the  locality  and  had  examined  the  hollow  casts  de- 
cribed  by  the  original  discoverers.  In  April,  1892,  the 
)re6ent  writer  under  the  guidance  of  Mr.  Barton,  to  whom 
belongs  the  credit  of  the  discovery,  visited  the  locality,  and 
rom  a  small  opening  similar  to  the  numerous  larger  holes 
vhich  were  appealed  to  in  1880  as  evidence  of  fossil  plants, 
ibstracted  the  solid  cast  of  a  longitudinally,  coarsely  striated 
tem,  probably  but  not  certainly  identifiable  with  a  species  of 
igillaria  or  calamites.  Between  the  cast  of  the  interior  and 
he  matrix  of  sandstone  was  a  limonitic  and  cellular  layer 
ipparently  representing  the  cortical  part  of  the  plant,  too 
x)orly  preserved  for  identification.  In  many  of  the  holes 
)riginaliy  described  by  Messrs.  Crosby  and  Barton,  the  same 
'erruginous  and  cellular  layer  was  seen.  These  plant  remains 
Kjcnr  in  sandy  beds  or  partings  in  a  simple,  quartzosc  con- 
l^lomerate,  which  outcrops  in  nearly  vertical  strata  along  two 
ines  on  either  side  of  a  synclinal  axis. 

In  greenjLsh  slates,  lying  above  the  conglomerate  bed,  were 
.'ound  cylindrical,  vermiform  casts,  of  small  size,  apparently 
he  underground  rootlets  of  plants.  In  none  of  these  speci- 
nens,  however,  are  afforded  charactei's  which  enable  one  to 
liscriminate  them  from  plant  remains  which  occur  elsewhere 
n  rocks  of  Devonian  age,t  the  period  to  which  the  red  beds  of 
his  basin  were  referred  by  Prof.  Edward  Hitchcock. 

*  Extension  of  the  Carboniferous  formation  in  Massachusetts,  3d  ser.,  vol.  zx, 
p.  416-420. 
f  See  Sir  William  Dawson,  The  Geological  History  of  Plants. 
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In  the  Slimmer  of  1892,  in  the  conree  of  8  rapid  reconnais- 
sauce  made  in  the  Norfolk  Coiintj  basin,  the  writer  fonnd  a 
eeoond  locality  of  fossils  in  the  railro&d  cnt  aboat  one-half 
mile  north  of  Canton  •Timction  atHtion  on  the  Old  Colony  H.  R., 
and  15  miles  south  of  Boston,  a  brief  annonncement  of  which 
vas  made  in  the  14th  Annual  K^ort  of  the  Director.  This 
•ection  was  examined  by  Mr.  W.  W.  Dodjjc  as  early  as  1ST5, 
and  probable  fossils  were  seen  by  him  which  be  described,  in 
Notea  on  the  Geology  of  Eastern  Ma«8a<^hu»t.tt«"*  as  "dark, 
oylindrical  forma  whieh  appear  to  be  branching  stems  of  some 
nnd."  I  am  indebted  to  Mr.  Dodge  for  the  privilege  of  see- 
ing the  specimens  in  his  collection.  They  are  nnidentttialjle 
stem-like  oodiee.  Under  the  microscope  in  thin  section,  the 
dark  rinfc  which  forms  the  cross-section  of  the  body  proves  Co 
be  oblorite  enclosing  an  axis  of  the  sitme  constitution  as  tbe 
matrix.  The  chlorite  is  evidently  a  luetamorphic  product.  A 
eimitar  cbloritic  coating  is  fonna  on  the  impressions  of  cali- 
mitea  from  this  locality.  Since  the  evidence  from  this  loca]it;r 
conflrmB  the  conclusion  reached  by  the  geologists  before  men- 
tioned  aa  to  the  Carboniferous  age  of,  at  least,  a  portion  of  tlie 
rooks  in  this  basin,  the  following  account  of  the  Canton  Jant^ 
tion  secUot)  is  hero  given.  For  a  more  extended  statement  of 
the  relation  of  these  beds  to  those  of  the  Narragansett  Baun, 
the  reader  is  referred  to  a  forthcoming  report  on  the  CarhoD-  J 
iferons  rocks  of  this  district  by  Prof.  N.  S.  Shaler.  | 

Granitite. — The  cat  jnst  north  of  tbe  station  at  Canton 
Junction  is  in  the  hornblendic  granitite  which  forms  the  floor 
of  the  Carboniferons  along  the  southern  border  of  the  Korfolk 
Connty  basin.  Two  narrow  dikes  of  diabase  cat  the  granitite, 
with  their  contacts  following  nearly  vertical  sets  of  jomts. 

Carboniferous,  gray  aeries. — Alxtat  2500  feet  north  of  the 
granitite  exposure  is  a  small  outcrop  of  greenish  and  grayieh 
slates,  originally  fine  mads  with  interlaminated  sandy  layers. 
Tbe  strike  is  about  N.  60°  E.,  and  the  dip  65°  to  70°  south; 
tbe  cleavage  dips  north  about  70**. 

The  fine,  shaly  partings  between  the  sandy  layers  carry  flat 
tened  plant  stems,  adhering  to  the  under  surface  of  the  bed- 
ding. Compressed  stems  of  Calamity  occur  about  one  inch 
wide  and  finely  striated.  Thsy  are  ill  preserved,  but  one  forai 
suggests  C.  cislli  Brgt.,  which,  according  to  Lesquereux,  occutb 
in  the  Narragansett  basin.  Sigiilaria  is  also  found  in  the 
same  bed. 

Northward,  about  135  feet  of  beds  are  covered  with  drift, 
when  there  appears  the  following  section,  also  fossiliferous : 
•  Proc.  Boalon  Soc.  Rat.  Hist.,  vol.  »vii,  1815,  p.  414. 
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1.  Sandstone 12  feet. 

2.  Shale  (slaty) 10  " 

3.  Sandstone 6  '* 

4.  Quart zose  conglomerate 18  " 

5.  Sandstone -..  10  " 

6.  Shales  (slaty) 6  " 

7.  Sandstone 20  " 

8.  Shales  (slaty)   2  " 

9.  Sandstone  and  shale  (slaty) 75  '^ 

The  measurements  are  based  on  pacing,  but  are  sufficiently 
curate  to  exhibit  the  stratigraphic  characters  of  the  section, 
e  dip  and  strike  of  which  agree  closely  with  that  of  the 
St  outcrop.  Flattened  plant  stems  occur  in  the  shales  of 
id  No.  6  and  again  in  No.  9.  The  plants  are  calamites  and 
e  stems  of  ferns,  but  no  fronds  of  the  latter  have  been 
nnd. 

Carboniferous^  red  series, — For  about  3800  feet  north  of 
e  above  described  section,  there  are  no  outcrops  along  the 
le  of  the  railroad.  At  this  distance  from  the  gray  rocks,  is  a 
t  in  reddish  strata  having  the  typical  lithological  characters 
most  of  the  rocks  in  the  Norfolk  County  basin  and  the 
wrer  portion  of  the  Carboniferous  in  Attleborough,  Mass. 
le  strata  dip  steeply  to  the  south  or  are  in  places  nearly  ver- 
•al.  The  section  from  south  to  north  apparently  in  descend- 
er order  is  as  follows : 

1.  Fine  quartzite  conglomerate,  with  quartz  veins 25  feet. 

2.  Red  sandstone  and  slate 15    '* 

3.  Fine  quartzite  conglomerate,  with  quartz  veins 20    " 

4.  Hed  and  gray  sandstone 30    '* 

5.  Red  sandhtone 50    " 

6.  Fine  quartzite  conglomerate  and  sandstone 10    " 

7.  Red  slate 6    " 

8.  Limestone,  a  lens,  highly  cleaved (1*5)  ** 

9.  Red  sandstone  and  slate 10    " 

0.  Red  slate 15  '' 

1.  Dike,  diabase? (1*5)  " 

2.  Calcareous  white  and  red  slates 2  " 

3.  Red  slates 10  " 

4.  Calcareous  slates ^ 4  " 

5.  Red  slates 30  " 

6.  Red  sandstone,  with  veins  of  quartz  and  calcite 5  " 

7.  Red  slates 20  " 

8.  Covered  beds 100  '' 

9.  Red  slates 50  " 

These  measurements,  like  those  in  the  preceding  sections  are 
Bed  on  pacing,  the  succession  being  made  out  on  the  west 
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side  of  the  railway  track*  This  seotion  was  alao  meaanred  by 
Mr.  Dodge,*  who  evidently  mistook  the  dip  of  the  cleava^ 
for  that  of  the  stratifloation  planes^  in  mann^.  the  beds  dip 
45^  N.  No  fossils  have  been  fonnd  in  this  section,  and,  except 
certain  small  pitted  impressions  and  fine  straight  f nrrows  Been 
in  demi-relief  on  the  underside  of  some  red  bras,  no  markion 
were  seen  on  their  surfaces.  The  calcareoas  portion  of  toe 
section  differs  from  the  calcareons  red  shales  of  the  Cambriu 
in  Attleborongh  and  Wrentham  in  the  apparent  absence  of 
fossils,  a  characteristic  of  the  limestone  banos  in  the  Carbon- 
iferous at  Attleborongh.  In  part,  the  carbonate  of  lime  is  of 
vein  origin  like  the  lenticular  quarts  bodies  which  occur  in  the 
same  section. 

It  has  been  assumed  that  these  red  rocks  in  the  eastern  po^ 
tion  of  the  Norfolk  County  basin  are'  of  Carboniferous  date. 
The  same  presumption  has  proved  only  partially  true  in  the 
southwestern  part  of  the  basin  between  Wrentham  and  AtUe- 
boro,  where  a  section  of  red  calcareous  and  sandy  strata  of 
lower  Cambriau  age  occupies  a  narrow  belt  in  the  midst  of  the 
red  Carboniferon8.t  For  this  rcguon,  and  owing  to  the  ab- 
sence of  fossils  in  what  appears  to  be  the  lower  portion  of  ^ 
section  at  Canton  Junction,  it  seems  unwise  at  the  present 
stage  of  our  knowledge  to  hold  on  mere  litholofcical  evidonoe 
all  of  the  red  beds  in  this  field  to  be  of  Carboniferous  age. 

Northward  of  the  last  outcrop  about  half  a  mile,  gray  rocb 
recur  on  the  east  of  the  railroad  with  nearly  vertical  dip. 

In  addition  to  the  occurrences  above  mentioned,  fossils  were 
also  found  in  the  glacial  drift  at  the  following  localities : 

1.  In  Canton,  about  one  and  a  half  miles  south  of  the  border 
of  the  basin  :  Catamites  cistii  (?)  in  a  sandstone  pebble. 

2.  In  East  Waipole,  on  the  south  side  of  Traphole  brook, 
near  the  western  end  of  the  Neponset  swamp,  small  bowlders 
carry  catamites  and  plant  stems. 

In  both  these  instances,  the  drift  of  the  fossiliferous  pebbles 
was  from  the  north  and  from  a  distance  not  exceeding  three 
miles,  the  limit  of  known  Carboniferous  in  that  direction. 

Jlie  occurrence  of,  at  least,  three  dikes  in  the  Canton  junc- 
tion section  is  interesting  as  setting  aside  the  sharp  distinction 
which  has  been  thought  to  exist  between  the  Norfolk  Countv 
basin  and  that  of  Boston  north  of  the  Blue  Hills.  The 
scarcity  of  exposures  in  the  former  basin  is  one  of  the  reasons 
for  the  apparent  difference  in  this  regard. 

Cambridge,  Mass.,  May  28th,  1894. 

*0p.  cit.,  p.  413 

fN.S.  Shalcr:  On  the  Geology  of  the  Cambrian   district  of  Bristol  County, 
Mass.     Bull.  Mus.  Comp.  Zoo!.,  xn,  1888,  pp.  13-41. 
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Art.  XX. — On  the  Determiymtion  of  Ferrous  Iron  ifi 

Silicates;  by  J.  H.  Pratt. 

The  determination  of  ferrous  iron  in  silicates  made  by  dis- 
solving them  in  a  mixture  of  hydrofluoric  and  sulphuric  acids 
and  titrating  with  potassium  permanganate  is  one  of  the  well 
recognized  methods  of  analytical  chemistry.  The  apparatus 
described  by  Prof.  J.  P.  Cooke,*  by  means  of  which  the  solu- 
tion can  be  made  in  an  atmosphere  of  steam  and  carbon  di- 
oxide, is  well  adapted  for  preventing  any  oxidation  by  the  air 
but  the  necessary  appliances  are  not  always  at  hand.  Prof. 
S.  L.  Pen  field  has  suggested  to  the  author  a  simpler  means  for 
accomplishing  the  same  purpose,  namely  to  displace  the  air  by 
carbon  dioxide  led  directly  into  the  crucible  by  means  of  a 
platinum  tube,  and  at  his  request  a  series  of  experiments  has 
been  made  to  determine  the  accuracy  of  the  method. 

The  arrangement  of  the  apparatus  is  similar  to  that  devised 
by  H.  Rosef  for  igniting  precipitates  in  hydrogen.  The  solu- 
tion can  be  accomplished  by -boiling  in  a  crucible  directly  over 
a  small  flame  and  after  cooling  the  contents  are  transferred  to 
a  beaker  or  caserole  and  titrated.  With  a  50'''^  crucible  one- 
third  full,  the  boiling  may  be  continued  for  ten  minutes  with 
safety,  but  if  too  much  of  the  water  and  hydrofluoric  aoid  are 
evaporated  the  resulting  hot  concentrated  sulphuric  acid  will 
act  as  an  oxidizing  agent.  The  solution  may  also  be  made  on 
a  water  bath,  but  experiments  with  black  tourmaline  which  is 
a  very  difficult  mineral  to  dissolve,  have  shown  that  nearly  as 
much  was  dissolved  by  boiling  for  ten  minutes  over  a  flame  as 
by  heating  quietly  for  two  hours  on  the  water  bath. 

For  testing  the  method,  weighed  quantities  of  ferrous  sul- 
phate were  used.  In  the  first  series  of  experiments  dilute 
sulphuric  acid  was  taken  as  a  solvent,  and  the  results  indicate 
that  the  heating  may  be  continued  for  a  considerable  time 
without  fear  of  oxidation. 


Time. 

Method  of  heating. 

FeO  taken. 

FeO  found. 

Error. 

• 

30  minutes 

water  bath 

•0786 

•0782 

•0004  — 

Si  hours 

water  bath 

•0711 

•0709 

•0002  — 

30  minutes 

water  bath 

•0786 

•0785 

•0000 

1  hour 

water  bath 

•0978 

•0979 

•0001  + 

15  minutes 

water  bath 

•1012 

•1014 

•0002  -f- 

10  minutes 

flame 

•0810 

•0808 

•0002  — 

10  minutes 

flame 

•0835 

•0836 

•0001 -f 

»  This  Journal,  II,  xMv,  347. 

f  Handbuch  der   Anal.  Chem.,    1871,    p.  77.      Also   Fresenius'   Quantitative 


Inalysis,  American  edition  bj  0.  D.  Allen,  p.  251. 
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In  the  second  series,  a  mixture  of  hydrofluoric  and  sulphnrio 
acids  was  taken,  snch  us  would  be  used  in  dissolving  silicatee. 
The  results  indicate  that  when  hydrofluoric  acid  is  present  and 
the  heating  long  continued,  there  is  a  slight  oxidation.  It  is 
evident,  however,  from  the  results  of  the  last  five  experiments 
that  very  accurate  determinations  of  ferrous  iron  can  he  made 
by  this  method. 


Time. 

Mctbod  of 

heating. 

FdO  taken. 

FeO  found. 

Error, 

4  liuiirs 

watei 

■  balh 

■1214 

■]20-> 

■0012- 

3  liours 

waiei 

■bath 

■1054 

■1047 

-0007- 

1  hour 

walei 

r  baih 

■osae 

■0862 

■0004  - 

ahount 

n-ater  batb 

■0459 

■(t4S8 

■liOOl- 

T  minutes 

tlame 

■1527 

■1S25 

•0002- 

in  minntea 

flame 

•0445 

■0445 

■0000 

X  minutes 

11:.  me 

■0345 

■0345 

•0000 

8  minutes 

flame 

-0421 

■0424 

■oooa  + 

H  minutes 

Us  [DC 

•0472 

-0479 

■0007  + 

Fairly  accurate  determinations  may  also  be  made  without 
the  use  of  carbon  dioxide,  the  contents  of  the  crucible  being 
cooled  aequicklyas  possible  after  boiliag,  and  titrated  as  iisuat. 
This  is  the  method  commonly  employed  for  determining  ferrous 
iron  in  silicates.  To  test  the  e.vtent  of  the  oxidation  the  fol- 
lowing serice  of  experiments  was  made,  using  a  mixture  of 
hydrofluoric  and  sulphuric  acids  as  a  solvent. 


i'ime.  Method  of  beating. 
[linutes  liame 

□inules  flame 

[linutes  flame 


FeO  luken.  FeO  found.  Error. 

■0S43  -0825  ■0018- 

■0694  -0578  ■0016- 

■0739  ^0728  ■0011- 


It  is  evident  from  these  results  that  the  errors  are  somewhat 
greater  than  in  tlie  cases  where  CO,  was  used. 

In  experiments  with  \ery  refractory  minerals,  where  only 
a  portion  is  dissolved  by  the  acids,  the  insoluble  mineral  can 
be  filtered  off  after  titration,  and  the  filtrate  evaporated  in  a 
platinum  dish  until  all  the  hydrofluoric  acid  is  expelled.  After 
dissolving  the  residual  sulphates,  the  iron  is  reduced  by  hydro- 
gen sulphide,  the  excess  of  the  latter  removed  by  boiling  and 
the  total  iron  determined  by  titration.  By  these  two  determi- 
nations, the  ratio  of  the  ferrous  to  ferric  iron  is  established,  and 
as  the  total  iron  can  be  determined  in  a  separate  portion  fused 
with  sodium  carbonate,  the  percentages  of  ferrous  and  ferric 
iron  can  be  readily  calculated. 

In  making  these  experiments  it  has  been  found'best  to  use 
water  that  lias  been  previously  boiled  to  expel  air  and  subse- 
quently cooled.  As  an  additional  precaution  the  carbon  di- 
oxide was  generated  from  cleavage   pieces  of  calcite    which 
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nre  freed  as  far  as  possible  from  air  by  boiling  in  water  for 
ome  time  and  transferring  them  while  still  wet  to  the  gene- 
■tnr.  The  gas  was  washed  with  a  dilute  solution  of  sodium 
Ivbonate.  With  very  refractory  minerals  the  strongest  hydro- 
horic  acid  that  is  available,  mixed  with  about  one-fifth  its 
JMome  of  concentrated  sulphuric  acid,  should  be  nsed,  in 
Moat  cases,  liowever,  dilnte  acids  are  sufBcient  and  mnch  more 
■Mvenient.  Occaeionally  there  is  a  tendency  for  the  mineral 
p  settle  on  the  bottom  of  the  crucible  and  cause  bumping, 
int  this  can  usually  be  prevented  by  addition  of  some  coils  of 
IHitinam  wire. 

!  Id  conclusion,  the  author  takes  pleasure  in   expressing  to 
r  Penfield  his  thanks  for  valuable  advice  and  assistance. 


%n,  XXI. — The  Action  of  Hedndtig  Af/entx  on  Iodic  Acid ; 
by  Chaklutte  F.  Roberts 

[Cbatributioni  rrom  the  Kent  CliemJcal  Laboralorj  of  Ynle  College— XXXI.] 

I.  The  Adsorption  oj"  Nitric  Oxide  by  Iodic  Acid. 
Thb  following  investigations  were  first  undertaken  with  the 
object  of  studying  the  solubility  of  nitric  oxide  in  iodic  acid. 
.Althongh  most  chemical  authorities  agree  in  tlie  statement 
bhat  nitric  oxide  is  absorbed  by  iodic  acid  witli  the  separation 
of  iodine,  there  is  a  certain  indefiniteness  with  regard  to  the 
degrte  of  solubility,  which  led  me  to  investigate  the  subject 
For  myself.  Thus,  Gmelin-Kraut  states  that  "All  the  lower 
Slides  of  nitroeen  decompose  iodic  acid  into  iodine  and  nitric 
Kdd,  bat  the  decomposition  takes  place  only  in  presence  of  a 
SOBsiderable  quantity  of  water,"  but  the  degree  of  ease  with 
nbieh  the  decomposition  takes  place  meets  with  no  comment, 
Md  the  "  considerable  quantity  of  water  "  seems  a  somewhat 
Indefinite  condition.  Kiinimerer,*  who  is  the  authority  re- 
^rted  to  for  the  above  facts,  and  who,  some  years  ago,  made 
rough  study  of  iodic  acid,  says,  without  referring  to  any 
rative  experiments,  "  At  ordinary  temperature,  1,0,  is 
dBced  only  in  aqueoui>  solution  by  nitric  oxide,  but  this  gas 
^  without  action  upon  the  water-free  acid  and  its  solution  in 
"^neentmled  mlphnric  acid.  At  100°  the  latteris  very  slowly, 
'  water-free  actd  not  at  all  decomposed." 
[A  portion  of  this  latter  statement  was  very  easily  verified. 
^Oe  uitric  oiide  was  passed  through  the  dry  acid,  and  other 
'JoDf.  far  prak.  Ghem.,  liiiiii,  73, 
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pordons  were  collected  and  allowed  to  stand  oirer  snlphnrie 
acid  BolotioDs  of  HIO,  and  1,0^  withont  any  appreciable  sept- 
ration  of  iodina 

In  order  to  test  the  solability  of  the  gas  in  aqueous  solntiou 
of  iodic  acid,  the  nitric  oxide  was  prepared  in  a  generator  con- 
taining potassinm  nitrate  and  ferrons  salphate,  the  air  having 
been  previoasly  driven  from  the  apparatus  bymeans  of  carbon 
dioxide.  The  gas  was  next  passed  into  a  Will  and  Yamn- 
trapp  tnbe  containing  potasdnm  iodide,  and  then  into  a  GreiBBler 
bnlb  containing  the  iodic  acid.  The  experiment  was  nude 
several  times  with  iodic  add  of  various  degrees  of  concentra- 
tion, and  always  with  the  same  resolt  There  was  no  evidenoe 
of  iodine  being  set  free  from  the  iodic  acid,  though  the  liqoid 
showed  occasionally  a  barely  perceptible  tinge  of  yellow. 
There  was,  however,  a  smaller  amount  of  nitric  oxide  collected, 
by  two  or  three  cnbic  centimeters  than  should  have  resulted 
from  the  amount  of  nitrate  used,  and  on  two  or  three  occa- 
sions, an  odor  like  that  of  chlorine  was  observed  about  the 
Q^issler  bulb,  when  the  apparatus  was  disconnected,  which 
could  only  be  explained  on  tne  supposition  that  gaseous  hydro- 
chloric acid  was  carried  over  from  the  generator  through  the 
potassium  iodide. 

A  later  experiment  in  which  nitric  oxide  was  collected  in  a 
tube  containing  iodic  acid  and  hydrochloric  acid  so  dilute  that 
no  reaction  took  place  between  the  two  acids  in  the  cold,  showed 
that  under  these  circumstances  the  nitric  oxide  was  absorbed 
without  any  geparation  of  iodine  and  that  the  liquid  became 
yellow  and  gave  odor  like  that  of  chlorine,  so  that  the  above 
seemed  a  plausible  explanation  of  the  disappearance  of  some 
nitric  oxide  in  the  Geissler  bulb  without  a  simultaneous  libera- 
tion of  iodine. 

Two  or  three  experiments  were  then  made  with  the  appa- 
ratus as  before  but  with  the  addition  of  a  new  absorption  tube 
containing  silver  nitrate  to  prevent  the  hydrochloric  acid  from 
going  over  into  the  iodic  acid.  Still  there  was  no  evidence  of 
iodine  being  set  free.  It  seemed  apparent  then,  that  the  nitric 
oxide  was  not  sufficiently  soluble  in  iodic  acid  so  that  it  could 
be  absorbed  by  simply  passing  it  rapidly  through  the  solution. 

To  determine  w^hether  the  gas  was  soluble  upon  long  contact 
with  the  iodic  acid  or  not,  different  portions  were  collected  in 
U  tubes  closed  at  one  end  and  tilled  with  solutions  of  iodic 
acid  of  different  degrees  of  concentration.  The  gas  had  been 
collected  and  allowed  to  stand  over  potassium  iodide  and 
sodium  hydroxide  for  from  twenty-four  to  forty-eight  hours 
before  being  transferred  to  the  U  tube,  in  order  to  remove 
completely  any  other  oxide  of  nitrogen  which  might  be 
present.     Solutions  of  iodic  acid  were  used  in  the  different  U 
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ibes  varjiDg  from  a  saturated  solution  containing  about  50 
rams  to  25  cubic  centimeters  to  a  rather  dilute  solution  con- 
lining  not  more  than  5  grams  to  25  cubic  centimeters.  There 
as  no  apparent  absorption  as  the  gas  passed  up  through  the 
quid,  but  after  the  nitric  oxide  had  been  standing  over  the 
die  acid  for  a  few  moments,  iodine  appeared  on  tue  surface 
I  the  liquid.  This  deposit  gradually  increased  in  amount 
id  the  liquid  rose  in  the  tube,  reaching  its  maximum  in  24 
ours  or  less,  depending  on  the  amount  of  gas  used. 
The  result  of  my  experiments,  then,  has  been  to  show  that 
itric  oxide  is  absorbed  by  solutions  of  iodic  acid  of  any  de- 
ree  of  strength,  but  the  reaction  takes  place  slowly  even  when 
le  gas  is  confined  over  the  acid,  and  not  at  all  when  passed 
ipidly  through  the  solution. 

[.    The  Action  of  Reducing  Agents  on  Iodic  Acid  in  piesence  of 

Hydrochloric  Acid. 

It  has  already  been  stated  that  when  the  nitric  oxide  wascol- 
jcted  over  iodic  acid  mixed  with  dilute  hydrochloric  acid,  the 
as  was  absorbed,  but  there  was  no  liberation  of  iodine,  and 
1  some  cases  an  odor  like  that  of  chlorine  was  observed  when 
le  tube  was  opened.  A  similar  phenomenon  was  noticed 
ith  several  other  reducing  agents.  It  is  well  known  that 
Kiic  acid  with  strong  hydrochloric  acid,  or  heated  with  dilute 
ydrochloric  acid,  forms  iodine  chloride  and  may  set  free 
ilorine,  but  in  these  experiments  the  dilute  acids  were  used 
I  the  cold,  and  there  was  no  change  apparent  until  the  reduc- 
ig  agent  was  added.  Besides  the  nitric  oxide,  other  sub- 
ances  which  had  a  similar  eflEect  were  potassium  iodide, 
)dium  thiosulphate,  arsenions  oxide,  ferrous  sulphate,  stan- 
ous  chloride,  and  potassium  sulphocyanide.  If  the  reducing 
^ent  was  added  in  a  very  concentrated  form,  iodine  was  seme- 
mes evolved,  and  in  many  cases  traces  of  iodine  would  first 
)rm  where  the  reagent  touched  the  liquid,  but  would  disap- 
ear  on  shaking,  and  a  light  yellow  liquid  would  result  with  an 
dor  like  that  of  chlorine. 

The  first  explanation  of  this  phenomenon  that  suggested 
self  was  that  the  iodic  acid  was  not  immediately  completely 
eoxidized  by  the  reducing  agent  but  was  first  transformed  to 
lower  oxide  of  iodine*  which  was  more  active  and  therefore 
lore  easily  acted  upon  by  hydrochloric  acid  than  the  iodic  acid 
self,  and  that  the  chlorine  thus  set  free  united  wholly  or  par- 
ally  with  the  iodine  formed  by  the  first  reduction.  It  was 
ith  the  object  of  studying  the  reduction  of  iodic  acid  in  the 
resence  of  hydrochloric  acid   that   some   experiments    were 

*  Gmelin-Kraut,  Anorganische  Chemie,  I,  2,  290-292. 
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nndertnken  with  putasBiiiiti  iodide,  iodic  acid,  ttnd  dilute  liydn- 
chlcino  acid.  Potafieiutn  iodide  was  choBen  as  the  reducing 
agent  on  account  of  the  eimphoity  of  its  oxidation  produote. 
Approximately  -^  eolntione  of  iodic  acid  and  potaBsium  iodide 
were  used  and  dilute  hydrochloric  acid  of  ^pecitic  gravity  I'Ofl. 
The  latter  acid  wbb  so  dilute  that  it  could  be  added  in  appar- 
ently indefinite  quantities  to  the  iodic  acid  without  producing 
any  perceptible  odor  or  chance  of  color. 

With  10"  of  iodic  acid  andhalf  that  volume  of  hydrochloric 
Kcid,  if  the  potaHgiuin  iodide  wh«  added  gradnnlly  from  a 
burette,  the  addition  of  +  or  5  cubic  centimeters  g^ve  a  clear, 
Jight  yellow  lifjuid  in  whicli  no  free  iodine  conld  be  proved 
either  by  starch  or  cbloroform.  As  the  amount  of  potafisinm 
iodide  increaeeg,  the  liquid  gradually  becomes  orange  DQtil 
finally  particleB  of  iodine  are  precipitated  out  and  accumulate 
until  they  reach  the  quantitative  yield  represented  by  the  com- 
mon equation  : 

5Kt  +  niO.-(-5HCi  =  3H,0+J5KCH-3[, 

These  phenomena  seem  to  indicate  that  the  reaction  taln^ 
place  in  two  stepn,  giving  first  the  iodine  chloride,  and  then 
the  decomposition  of  thia  bj  means  of  more  potassium  iodide 
setting  free  iodine.  Even  after  solid  particles  of  iodine  appeu 
in  the  liquid,  starch  paste  is  not  colored  blue,  showing  the 
well-known  disturbing  action  of  the  chloride  of  iodine.  Thst 
the  intermediate  product  is  esgeutially  the  mo)Wi:lilonde  of 
iodine  instead  of  the  trichloride  may  be  inferred  from  the 
superior  stability  of  the  former  in  dilate  solntions  containing 
hydrochloric  acid,  since  most  authorities  agree  that  the  tri- 
chloride is  completely  broken  np  in  dilute  solutions  into  the 
monocliloride,  iodic  acid  and  hydrochloric  acid.  If  any  tri- 
chloride were  first  formed  and  underwent  this  decomposition, 
the  final  form  of  the  reaction  would  be  the  same  as  if  llie 
monochloride  were  the  sole  product.  This  inference  was 
further  confirmed  by  later  results  and  by  the  following  experi- 
ment. 

The  cluar  yellow  liquid  obtained  by  putting  together  W 
cubic  centimeters  of  iodic  acid,  half  that  voliime  of  hydrochloric 
acid,  and  4  cubic  centimeters  of  potassium  iodide  was  agitated 
with  benzene  which  is  said  to  dissolve  iodine  trichloride  with 
a  dark  cherry-red  color.*  The  result  was  a  barely  perceptible  , 
pinkish  tinge  to  the  benzene,  which  left  no  appreciable  residue 
on  evaporation.  After  separating  the  benzene  and  addin;; 
ether,  the  color  wns  quieWiy  taken  from  the  aqueous  solution, 
and  tire  ether  became  yellow  and,  on  evaporation,  left  a  con- 
siderable quantity  of  a  volatile  reddish-brown  liquid.  This 
*  Ladenburg,  Handworterbuch,  v,  3SB. 
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experiment  showed  plainly  that  the  essential  product  was 
oaine  monochloride. 

In  three  different  ways  I  have  tried  to  estimate  the  propor- 
ions  in  which  iodic  acid  and  potassium  iodide  unite  in  pres- 
ince  of  an  excess  of  the  former  and  hydrochloric  acid.  The 
lirect  method  of  letting  potassium  iodide  of  known  strength 
lowly  into  a  mixture  of  the  two  acids  and  determining  the 
irst  appearance  of  free  iodine  is  difficult  on  account  of  the 
iction  of  the  iodine  chloride  on  the  blue  iodide  of  starch 
vhich  one  would  naturally  use  as  an  indicator.  I  have  suc- 
ceeded, however,  in  getting  an  approximate  result,  by  taking 
>ut  a  drop  of  the  liquid  from  time  to  time  and  testing  on 
tarch  paper.  With  5  cubic  centimeters  of  iodic  acid,  9*5 
jubic  centimeters  of  potassium  iodide  were  added  before  there 
vas  any  effect  on  the  starch  paper.  This  would  indicate 
nolecular  proportions  of  iodic  acid  to  potassium  iodide  as 
L :  1-9. 

In  the  second  method,  20  cubic  centimeters  of  iodic  acid,  10 
)f  hydrochloric  acid,  and  4  of  potassium  iodide  were  put  to- 
gether, the  resulting  iodine  chloride  was  extracted  with  ether 
ind  separated  with  a  separating  funnel.  The  aqueous  solution 
containing  free  hydrochloric  acid  was  then  treated  with  an 
sxcess  of  potassium  iodide  and  the  amount  of  iodine  set  free 
letermined,  after  neutralization,  by  alkaline  arsenious  acid. 
?To\n  this  the  iodic  acid  remaining  in  the  solution  after  the 
extraction  of  the  iodine  chloride  could  be  readily  estimated, 
ind  the  difference  between  this  and  the  amount  taken  gave  the 
imount  used  in  the  reaction.  Three  trials  of  this  experiment 
^ave  the  following  results  for  the  molecular  proportions  in 
ivhich  the  iodic  acid  and  potassium  iodide  unite  in  presence  of 
hydrochloric  acid  while  the  iodic  acid  is  in  excess : 


HIO,  :  KI 

1  :  2-06 
1  :  1-99 
1  :  1-9 


►  Average  =  1   :   1*98 


The  third  method  consisted  in  putting  together  the  reagents 
in  the  same  proportions  as  above  and  then  decomposing  the 
iodine  chloride  with  acid  potassium  carbonate  and  estimating 
the  iodine  set  free  by  alkaline  arsenious  acid.  According  to 
6ay-Lnssac,  the  reaction  between  iodine  chloride  and  an  alkali 
is  represented  thus : 

6K0H  +  6IC1  =  5KC1 4-  KIO.  +  3  H,0  +  2l, 

The  iodine  shown  by  the  arsenious  acid  is  then  only  i  of  that 
D  the  iodine  chloride.  Making  this  correction  and  knowing 
le  aaiount  of  iodine  in  the  potassium  iodide  used,  it  becomes 
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an  easy  matter  to  determine  die  iodic  add  which  has  ood- 
tribnted  to  the  formation  of  the  iodine  chloride. 
The  following  results  were  obtained : 

HIO,  : 

1  :  1*92  >-  Average  =  1  :  1'97 


The  three  methods,  then,  agree  fiurly  well  in  indicating  two 
molecules  of  potassium  iodide  to  one  of  iodic  acid,  a  reaction 
which  would  oe  expressed  by  the  following  equation : 

HIO.  +  2EI+6HC1  =  8H,0+2KCl+8ia 

The  formation  of  iodine  monochloride  has  thus  been  proTed 
by  three  methods,  two  of  which  would  be  sufficient  to  estab- 
lish the  reaction.  The  first  two  methods  are  independent  of 
the  reaction  between  iodine  monochloride  and  carbonated 
alkalies,  while  the  third  depends  directly  upon  that  reaction. 
Assuming  the  correctness  ot  Gay-Lussac%  eauation,  this  thiid 
method  may  be  taken  simply  as  an  additional  way  of  proving 
what  has  l>een  already  sufficiently  established  in  two  different 
ways.  .  On  the  other  hand,  considering  the  formation  of  iodine 
chloride  sufficiently  established  by  the  two  other  methods,  the 
last  set  of  experiments  may  be  used  to  discriminate  between 
Gay-Lussac's  and  Griineberg's  reaction.  The  latter*  stateB, 
without  describing  his  work  in  detail,  that  he  has  found  by 
many  carefully  repeated  experiments  that  the  action  of  alka- 
line carbonates  on  iodine  monochloride  gives  potassium  chlo- 
ride and  potassium  chlorate,  and  all  of  the  iodine  is  set  free. 
My  results,  however,  show  the  correctness  of  Gay-Lussac's 
equation,  since  it  is  only  on  the  assumption  that  four-fifth  oi 
the  iodine  is  set  free  that  my  third  method  of  work  iri^^» 
results  corresponding  with  those  obtained  in  two  other  wavs. 
]\[oreover,  some  iodine  chloride  was  prepared  by  putting  to- 
^etlier  potassium  iodide,  and  an  excess  of  iodic  and  hydro- 
cliloric  acids,  and  extracting  with  ether,  specially  purified  by 
standing  over  sodium  bisulphite  and  distilling  from  sodium 
hydroxide.  Portions  of  this  ethereal  solution  were  drawn  o8 
frotn  a  burette  and  treated  with  potassium  iodide,  and  the 
iodine  estimated  by  sodium  thiosulphate.  Similar  portions 
were  then  treated  with  liydrogen  potassium  carbonate,  and  the 
iodine  estimated  by  arsenious  acid.  Griineberg's  reaction 
would  detuand  that  one-half  as  much  iodine  should  be  set  free 
in  the  latter  case  as  in  the  foriner,  instead  of  which  onlv  four- 
fifths  of  that  amount  was  found,  which  is  in  direct  agreement 
with  Gay-Lussac's  equation. 

*  Jour,  fur  prakt.  Cheraie,  li,  172. 
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\.  Action  of  Iodine  on  Iodic  acid  in  presence  of  Hydrochloric 

acid. 

Some  light  is  thrown  apon  the  reaction  just  established  by 
le  behavior  of  free  iodine  in  a  mixture  oi  iodic  and  hydro- 
iloric  acids. 

Although  a  solution  of  iodine  in  iodic  acid  turns  starch  blue, 
id  also  one  of  iodine  in  hydrochloric  acid,  if  the  solutions  be 
lixed,  the  starch  immediately  loses  its  color,  but  regains  it  on 
le  addition  of  alkaline  carbonate.  Also,  if  a  colorless  mix- 
ire  of  iodic  and  hydrochloric  acids  be  taken,  and  aqueous 
►dine  added  gradually  from  a  burette,  the  first  eflEect  of  the 
Idition  is  to  make  a  colorless  liquid  in  which  the  presence  of 
•dine  can  be  proved  only  upon  addition  of  an  alkaline  carbo- 
ite.  Further  addition  of  the  iodine  gives  a  yellow  liquid 
hose  properties  and  reactions  seem  identical  with  that  ob- 
ined  oy  putting  together  iodic  and  hydrochloric  acids  and 
>tas8ium  iodide.  This  same  liquid  may  be  produced  by  allow- 
ig  iodine  to  dissolve  slowly  in  the  cold  in  a  mixture  of  dilute 
fdrochloric  and  iodic  acids. 

Apparently,  then,  the  action  of  reducing  agents  is  to  set 
ee  iodine  from  the  iodic  acid,  and  this  dissolves  in  a  mixture 
'  iodic  and  hydrochloric  acids  to  form  iodine  chloride.  Two 
cperiments  were  made  to  determine  the  proportions  in  which 
le  iodine  and  iodic  acid  unite  in  this  reaction.  Solid  iodine, 
i  carefully  weighed  quantity,  was  allowed  to  dissolve  in  a 
lixture  of  the  acids,  then  the  acid  was  neutralized  with  alka- 
ne  carbonate,  and  the  iodine  set  free  estimated  by  means  of 
rsenious  acid.  The  molecular  proportions  of  iodic  acid  to 
5dine  as  found  were  as  follows  : 

fflO.  :  I 

1   :  4-02 
1  :  4-07 

The  same  proportions  were  obtained  by  direct  titration  of 
odic  acid  against  a  solution  of  iodine  in  hydrochloric  acid  of 
bown  strength.  The  operation  was  performed  in  a  flask^  a 
leiinite  quantity  of  iodic  acid  being  first  introduced  and  then 
•he  solution  of  iodine  added  from  a  burette  until,  upon  shak- 
ng  the  flask,  the  presence  of  free  iodine  was  indicated  by  the 
Aaracteristic  color  given  to  chloroform. 

The  molecular  proportions  found  were : 

HIO3  :  I 

1  :  4-02 
1  :  4-06 
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These  results,  it  will  be  aeou,  are  iti  complete  acconJanoe 
with  those  obtained   by  the  former  method  aud  indicate  tbv 

following  ivaetiijn  : 

HIO,  +  2l,  +  5HCI  -  3!I,04-5lCI 

The  eqaation  obtained  above  for  the  reaction  between  iodic 
acid,  [xitaesiiiiu  iodide,  aud  hydrochloric  acid,  viz: 

IIIO,  +  2KI  +  5HCl  =  3H,0  +  2KC1  +  3IC1, 

can  be  derived  directly  by  a  combination  of  the  ordinary  eijM- 
tion,  in  which  iodine  is  set  free, 

[5KI  +  HI0,  +  aUCl  =  3H,0  +  5KCl  +  3l,]a, 

with  the  equation  jnst  eetabliBbed, 

[HI0,  +  2I,  +  5HC1  =  3H,0  +  6IC1J3, 

in  which  the  iodine  reacts  upon  iodic  acid.  This  fact  eupportt 
the  aeaomption  that  the  effect  of  a  reducing  agent  upon  an 
excess  of  iodic  acid  in  presence  of  hydrochloric  acid  is  to«t 
free  iodine  which  tiien  oiseolves  in  a  mixture  of  the  two  aciife 
to  form  iodine  nionoohloride. 

Iodine  has  apparently  no  effect  upon  either  acid  taken  singly, 
and  there  is  notning  in  these  experimeotfi  to  show  whether  tlie 
action  of  the  iodine  on  the  iodic  acid  in  the  mixture  of  the 
two  acids  is  in  the  first  instance  of  an  oxidising  or  redocing 
nature.  It  may  be  that  the  iodic  acid  is  first  reduced  to  » 
lower  oxide,  as  has  been  previously  suggested,  or  that  it  is  oxi- 
dized to  periodic  acid.  The  first  condition  is  expressed  in 
equations  I,  and  the  latter  in  equations  II,  from  which  it  is 
Been  that  either  assumption  agrees  with  the  equations  jnff 
established. 

I.  (i!HIO,  +  I,  +  2HCl  =  I,0.4-2H,0  +  2lCl  1 

\  I,0,  +  3I,  +  8HC!  =  4H,0  +  81C1  \ 

{  Combined  :    2HIO.  +  4l,+  10nCI  =  ]0lCl  +  6H,O) 

2HIO,  +  aH,0  +  2l,  =  4UI  +  H,0+IO 
IO.  +  4HI  +  li)Hd  =  7H,0  +  6lCI  +  aCI, 

■aci,+2i,=4ici 

Combined  L    2HIO,-f-4l,  +  10HCl  =  10lCl  +  eH,O 


I  any  c 


.  evident  that  the  mixture  of  iodine  and 


iodic  acid,  both  ordinarily  oxidizing  agents,  is  able  to  efiect 
the  decomposition  of  hydrochloric  acid  with  the  formation  of 
iodine  mouoehloride. 
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lRT.  XXII. — Tfie  Stratigraphic  Position  of  the  Thomson* 

Slates;  by  J.  E.  SpuiiR.t 

Location  and  Extent  of  the  Series, 

The  Thomson  slates  (St.  Louis  slates,  Cloquet  slates)  are 
^histose  or  slaty  rocks  which  occupy  an  extensive  area  in 
lastem  Minnesota.  They  afford  continuous  exposures  along 
be  St.  Louis  River,  not  far  from  Duluth,  near  Thomson, 
Carlton  and  Cloquet.  Here  they  were  first  noted  and 
escribed.  They  are  in  this  region  well  cleaved,  but  possess 
vident  and  little-altered  sedimentary  characters.  Further 
rest  they  are  found  along  and  beyond  the  Mississippi  River, 
1  the  vicinity  of  Little  Falls.  Here  they  have  become  schis- 
58e  ;  they  are  often  micaceous,  staurolitic,  hornblendic,  or 
ametiferous.  Frequent  outcrops  have  been  found,  demon- 
tratin^  the  continuity  of  the  series  between  the  St.  Louis  and 
be  Mississippi.  In  a  north  and  south  line^  the  belt  has  already 
€en  shown,  by  the  explorations  of  C.  W.  Hall,  Merriam, 
Jpham,  and  others,  to  extend,  roughly  speaking,  from  near  the 
3wer  part  of  Mille  Lacs  to  near  the  northern  boundaries  of 
iLitkin  and  Carlton  counties.  The  writer  has  been  able  to 
race  these  rocks  as  far  north  as  T.  51-19,  where  an  exposure 
3  found  which  will  be  referred  to  later.  This  prolongs  the 
mown  extent  toward  the  north  by  10  or  15  miles.  The 
limensions  of  the  belt  are  thus  about  100  miles  east  and  west 
Oy  50  north  and  south,  making  an  area  of  not  far  from  5000 
square  miles. 

For  the  lithological  variations  from  the  simple  cleaved  slates, 
found  within  this  area,  we  may  quote  from  Irving  ::j: 

"They  include,  among  the  slates,  fine-grained  graywacke- 
slates,  clay-slates,  sericitic  quartz-slates,  true  quartzites,  mica- 
alates  (often  hornblendic),  staurolitic  mica  slates  (often  garnet- 
iferous),  and  hornblende  schists;  and  among  the  eruptives, 
diabases,  gabbros,  and  diorites,  the  latter  presumably  altered 
forms  of  diabase  or  gabbro." 

Relations  of  the  Thomson  Series  to  the  surrounding  Rocks, 

On  three  sides,  south,  east,  and  west,  the  general  boundai'ies 
of  the  Thomson  rocks  are  known.     To  the  south  and  west  lie 

*To  this  series  the  name  St.  Louis  has  been  applied  by  Irving,  Sweet,  Van 
Hise,  and  others.  Inasmuch  as  this  name,  however,  is  already  well  established 
^or  a  formation  of  quite  different  age,  it  has  been  thought  best,  in  accx>rdance 
,^th  a  suggestion  of  Professor  H.  8.  Williams,  to  designate  the  Minnesota  series 
'Q  iK)me  other  way.  The  term  Thomson^  therefore,  which  has  already  been  used 
^1  Professor  X.  H.  WincheU,  has  been  adopted. 

t  Published  by  permission  of  the  State  Geologist  of  Minnesota. 

(Fifth  Annual  Report  U.  S.  Geol.  Survey,  p.  197. 

Am.  Joint.  Soi.— Thibd  Skrhes,  Vol.  XLVIII,  No.  284.— August,  1894. 
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areas  of  granite  which  have  been  referred  to  the  Lanrentiin ; 
and  various  poet- Animikie  (poet-Horonian)  aedimentSy  as  far  up 
as  the  CretaceoDS.  To  the  east  lie  the  Keweenawan  roeka^ 
chieflv  igneous.  To  the  north,  however,  the  Thompson  seriei 
is  hid  beneath  a  great  thickness  of  drift  which  occupies  i 
broad  belt  of  country  through  which  run  the  St  Louis  asd 
Mississippi  rivers.  Between  the  southern  border  of  this  drift 
mantle  and  the  nearest  known  outcrops  on  the  north  (those  of 
the  Animikie  of  the  Mesabi  Range)  the  distance  is  about  iO 
miles. 

Sketch  of  previous  CcirrdaUons. 

The  Thomson  rocks  have  been  correlated,  up  to  the  present 
time,  with  the  Animikie  (the  Upper  Hurooian).  It  is  the 
object  of  this  paper  to  pu^jest  that  there  are  no  firm  gronndfl 
for  this  correlation,  and  that  they  be  referred  rather  to  die 
Keewatin*  (Lower  Huronian^.  It  will  be  advisable  to  inqniie 
first  into  the  reasons  for  wnich  they  have  hitherto  been  as- 
signed their  place. 

Irvinfff  and  Sweet:^  assigned  these  rocks  to  the  Huronian  in 
1880.  The  reasons  were  mainly  lithologicaL  The  Thomson 
(St.  Louis)  rocks  presented  the  characters  of  an  undoubted 
and  little  metamorphosed  clastic  series,  especially  in  that  pert 
which  alone  was  delinitelv  known,  i.  e.  the  outcrope  along  tke 
St.  Louis  Kiver  about  Thomson.  At  that  time  there  were 
recognized  but  three  general  horizons  to  which  this  series 
could  be  referred, — the  Keweenawan,  the  Huronian,  and  the 
Laurentian.  The  Thomson  (St.  Louis)  rocks  were  seen  to 
underlie  the  Keweenawan,  and  to  be  cut  by  dikes  of  supposed 
Keweenawan  age ;  and  no  rock  of  recognizable  clastic  charac- 
ters could  bo  referred  to  the  Laurentian. 

In  the  third  annual  report  of  the  United  States  Geological 
Survey,§  Irving  first  hinted  at  the  correlation  of  the  **St. 
Louis  slates  "  with  the  Animikie  of  northeastern  Minnesota,  as 
observed  at  that  time  around  Gunflint  Lake  and  Thunder  Bay. 
He  pointed  out  the  general  lithological  resemblance  between 
the  two  series,  and  noted  the  difference  in  that  the  ''  St.  Louis 
slates"  are  cleaved.  In  the  same  report,  however,  J  he  sug- 
gested the  correlation  of  the  uncleaved  Animikie  slates  witli 

*  The  terms  Animikie  and  Keewatin  are  to  be  understood  here  in  the  sense  in 
which  they  are  employed  by  the  Minnesota  Survey ;  they  are  provincial  designa- 
tions, both  of  formations  and  of  divisions  of  geological  time,  which  correepond 
in  general  to  the  more  comprehensive  terms  (Upper  and  Lower  Huronian)  used 
by  the  United  States  Survey. 

f  Geology  of  Wisconsin,  III,  p.  18. 

i  Op.  cit.,  p  339. 

^  Copper-Bearing  Rocks  of  Lake  Superior,  p.  162. 

I  Op.  cit.,  p.  170. 
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he  folded  schiste  lying  further  north,  and  his  descriptions  and 
iccompanying  diagram  clearly  show  that  he  included  among 
hese  schists  the  larger  part,  if  not  the  whole,  of  what  we  now 
niow  as  Keewatin  (Lower  Huronian).  In  the  fifth  annual 
•eport*  he  first  confidently  assigned  to  the  Thomson  (St. 
Louis)  series  a  place  equivalent  to  that  of  the  Animikie.  A 
'ew  pages  later  on,t  however,  he  states  that  he  hesitates  to 
iccept  the  idea  of  "  a  general  unconformity  between  the  flat- 
ying  Animikie  and  an  older  series,  including  the  gneiss  and 
"olded  schists,":{:  but  considers  that,  as  suggested  in  the  third 
innual  report,  there  is  a  transition  between  the  two,  and  that 
;he  schists  are  but  the  folded  northward  continuation  of  the 
Animikie.  In  the  seventh  annual  report,§  he  again  refers  to 
;he  St.  Louis  slates  as  Animikie;  and  here  first  hints  as  to 
what  horizon  of  the  Huronian  they  were  believed  by  him  to 
>elong,  i.  e.  the  same  as  that  of  the  upper  slates  of  the  Ani- 
nikie  series  as  represented  upon  the  Mesabi  Range. 

If  the  writer  understands  correctly  what  has  been  done,  the 
results  may  be  briefly  summed  up  as  follows : 

Irving,  Sweet,  N.  H.  Winchell,||  and  Hunt^  assigned  the 
Thomson  (St.  Louis)  series  to  the  Huronian,  because  of  their 
Qudoubted  detrital  nature.  No  attempt  was  made  at  first  to 
give  them  a  definite  horizon  in  this  formation.  Afterwards, 
nowever,  Irving  was  led  to  conclude,  from  an  examination  of 
the  Animikie  rocks  around  Thunder  Bay  and  Gunflint  Lake 
and  westward,  that  the  upper  slate  member  of  the  Animikie 
series  of  the  Mesabi  Kange  was  the  same  as  the  slates  along 
the  St.  Louis. 

Subsequent  writers  have  adopted  this  correlation,  but  no 
new  arguments  of  value  have  been  oflEered,  either  pro  or  con. 
Van  Hise**  has  mentioned,  as  a  circumstance  tending  to  show 
their  Upper  Huronian  (Animikie)  age,  the  occurrence  of  fer- 
ruginous beds  "  in  the  northward  extension  of  the  St.  Louis 
slates."  No  ores,  however,  have  been  found  in  the  St.  Louis 
slates;  and  if  by  the  quoted  phrase  the  ores  of  the  Mesabi 
Kange  were  meant,  the  occurrence  of  iron  in  the  Animikie 
can  have  no  bearing  upon  the  correlation  between  the  Ani- 

*  Archaean  Formations  of  the  Northwestern  States,  p.  1 96. 

tOp.  cit.,  p.  206. 

(That  is,  an  anconformity  at  the  base  of  the  Auimikie;  the  Huronian  uncon- 
formitj  as  now  understood.  Irving  recognized  perfectly  well  an  unconformity 
^nreen  the  Huronian  in  general  and  the  Laurentian,  or  fundamental  complex  of 
Unites  and  gneisses. 

§  Classification  of  Cambrian  Formations,  p.  422. 

i  Tenth  Ann.  Rep.  Minnesota  Geol.  and  Nat.  Hist.  Survey,  p.  95 ;  Eleventh 
Ann.  Rep ,  pp.  169  and  170. 

•^  Trans.  Roy.  Soc.  Canada,  vol.  i,  Sec.  iv,  1883,  p.  260. 

**  Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  p.  461 ;  Bulletin  U.  S.  Geol.  Survey,  No. 
S^.    Correlation  papers,  Archsean  and  Algonkian,  p.  186. 
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mikie  and  the  St.  Loois  series.    The  oorrelatioii,  therefore^  has 
rested  entirely  upon  very  broad  lithologiod  resemblanoes. 

During  the  summer  of  1893,  the  writer  made  an  ezamina- 
tion  of  tne  Western  Mesabi  region  and  sonth  to  the  St.  Loois 
slates,  and  came  to  suspect  that  there  were  no  valid  reasons  for 
correlating  the  St.  Louis  series  with  the  flat-ljinff  Animikie  of 
the  Mesabi  district  On  the  other  hand,  the  evidence  seemed 
rather  in  favor  of  correlation  with  the  nnderlyiDg  schistoee 
and  slaty  rocks,  referred  to  the  Eeewatin  in  the  same  district* 

The  Animikie  Slates  upon  the  Weatem  MeeabL 

The  slates  which  constitnte  the  uppermost  recognized  mem- 
ber of  the  Animikie  upon  the  Western  Mesabi  are  nsually  soft, 
black,  and  carbonaceous ;  they  dip  sently  southward  to  south- 
eastward, and  disappear  beneath  the  heavv  eovering  of  drift. 
These  rocks  have  been  almost  unaffected  by  altering  dynamic 
forces  since  their  deposition.  There  is  no  sharp  cmmpUng,  no 
cleavage  or  strongly-marked  jointing ;  and  very  few  nssnre  or 
gash-veins. 

77ie  Keewatin  of  the  Western  JUeeaU. 

The  slates,  with  the  lower  members  of  the  Animikie  (the 
iron-bearing  member  and  the  qnartzite),  aie  in  abrupt  uncon- 
formity witli  the  underlying  rocks.  Ordinarily,  the  underly- 
ing rock  appears  to  be  the  granite  of  the  Giant's  Range,  which 
has  been  supposed  to  be  Laurentian ;  but  in  places  a  narrow 
belt  of  schists  appears  between  the  granite  ana  the  Animikie, 
and  in  T.  58-17  probable  faulting  has  brought  up  a  triangular 
area  of  schists  6  or  8  miles  in  its  north  and  south  extent.  The 
appearance  of  this  area  and  the  attendant  phenomena  estab- 
lishes two  important  facts :  first,  that  the  rocks  on  which  the 
Animikie  here  rests  are  mainly  schistose  and  slaty,  instead  of 
gneissic  and  granitic ;  and  second,  that  the  granite  is  intrusive 
into  these  cleaved  rocks,  and  therefore  cannot  be  regarded  as 
Laurentian.  The  schists  have  been  generally  recognized  as 
KeewatiiK 

The  triangular  upthrust  area,  which  the  writer  has  called  the 
Virginia  area,t  has  one  side  against  the  granite  belt.  Xear  the 
contact  it  is  made  up  of  mainly  holocrystalline  mica  and  horn- 

*  Professor  N.  H.  Winchell  was  at  one  time  in  the  field  with  the  writer;  and 
came  to  substantially  the  same  conclusions.  It  should  be  stated,  moreover,  that 
Professor  Winchell  hud  for  some  time  previous  been  skeptical  as  to  the  Animikie 
age  of  the  Thomson  series,  and  had  even  mapped  a  small  part  of  the  area  ad 
Keewatin,  in  a  preliminary  unpublished  map  exliibited  at  the  World's  Fair  in 
1893. 

f  Bulletin  No.  10,  Minn.  GeoL  and  Nat  Hist.  Survey,  p.  17. 


^Ipurr — Stratigraphic  Position  of  the  Thomson  Slates,    163 

jnde  schists ;  but  on  going  away  from  the  granite  area  these 
i  seen  to  have  resulted  from  the  raetamorphic  influence  of 
s  granite,  for  the  rock  soon  changes  into  the  common 
^een  schist."  This  is  a  rock  of  which  the  original  charac- 
•8  can  be  suspected,  but  ordinarily  not  readily  determined, 
is  characterized  by  the  development  of  sericite  and  kindred 
nerals  along  the  schistosity  planes.  This  green  schist  type 
jupies  the  central  part  of  the  area.  In  the  southern  part, 
wever,  near  the  apex  of  the  triangle,  the  evidence  of  meta- 
)rphism  decreases  rapidly,  and  the  rocks  become  mainly 
jily  recognizable  as  detrital.  Here  are  found  what  appear 
be  only  slightly  altered  siliceous  and  clay-slates,  and  gray- 
ckes.  In  hand-specimen  these  Keewatin  detritals  often  can 
rdly  be  distinguished  from  specimens  of  the  overlying  Ani- 
kie  slates. 

The  Keewatin  rocks  possess  a  strongly-marked  regional 
avage  or  schistosity,  not  far  from  vertical  in  hade,  and 
irly  constant  in  trend, — averaging  about  N.  70°  E.  This  is 
o  nearly  the  direction  of  both  the  northern  and  southern 
itacts  of  the  granite  belt ;  and,  in  a  general  way,  of  the  pre- 
minant  rock-structure  of  a  large  part  of  the  gneissic  and 
kistose  terranes  lying  further  north,  in  northeastern  Minne- 
a  and  Canada.*  In  short,  it  indicates  the  direction  of  move- 
nt of  a  regional  disturbance  which  has  aflfected  a  great  area, 
lis  structure  is  still  more  pronounced  in  some  of  the  country 
rth  of  the  Mesabi  Range,  and  here  granitic  invasions  and 
jompanying  metamorphic  action  have  also  been  more  com- 
m  ;  so  that  it  seems  that  the  seat  of  greatest  disturbance  lav 
rth,  rather  than  south  of  the  Mesabi.  This  disturbance  took 
ice  prior  to  Animikie  time,  for  the  Animikie  rocks  are  unaf- 
3ted  by  it. 

The  Animikie  slates  which  overlie  the  Keewatin  to  the 
ath,  in  T.  57-17,  disappear  beneath  the  drift  within  a  few 
lies  and  are  thence  not  traceable  southward.  On  the  east, 
eir  southward  continuation  is  also  hid  by  the  overlying 
eweenawan  rocks,  and  on  the  west  by  the  Cretaceous. 

Physical  characters  of  the  Thomson  Slates  at  Cloquet. 

On  passing  souths  across  the  swamp-covered  area,  the  first 
•cks  which  appear  above  the  thinning  mantle  of  drift  are 
lose  of  the  Thomson  series.  The  physical  characters  of  the 
»ck,  as  it  appears  typically  on  the  St  Louis  River  at  Cloquet, 
iar  the  place  where  it  was  first  recognized,  may  be  briefly 
ascribed. 

•Consult  A.  C.  liawsoD,  Report  on  Geology  of  the  Lake  of  the  Woods  Region, 
31  et  8eq.f  Annual  Report  of  the  Geol  and  iVat.  Hist.  Survey  of  Canada,  1885. 
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The  roek  if  in  moit  phees  of  evide^  ■Bdimcntany  cngau 
It  Tuies  from  m  finfrgniiied  ilata^  Uaek^  gmy*  or  dark-green  in 
eolor,  to  a  nlieeoDt  date  or  pnwmdab.  <mtn  mall  pebUei 
of  detrital  material,  etpeeiaDy  of  qnarti^  maj  be  fbnnd.  The 
•edimentaiy  atmetnre  is  nsoally  indieated  by  no  parallel  part- 
ing, bnt  by  the  alternation  of  eoaner  and  finer  layers.  An 
ouenration  of  these  altematums  shows  that  there  is  no  con- 
stant dip  and  strike,  bnt  that  the  roeka  have  been  mndi  folded 
and  enunpled.  There  are,  howenv,  perMtant  and  eontinnosi 
systems  of  cleava^  There  are  two  prindpal  sets  of  deavsce 
planes,  one  mnning  from  N.  80'  K  to  £.  and  W.,  and  tie 
second  cnttii^  the  fint  at  an  anjgie  of  about  45**.  The  fint 
cleavage  is  best  developed,  and  gives  the  appearsnee  of  strati- 
fication to  the  fwmation.  Where  it  is  most  straiffly  nuu'ked, 
there  results  a  very  perfect  division  of  the  rode  into  thin 
sheets;  where  both  are  well  developed,  the  roek  is  ent  np  into 
fine  rhombohedral  blocks*  In  some  of  the  coarser  roeka,  saeh 
as  the  grajwacke,  the  stractnre  is  rether  sehistoae  than  slatj. 
It  is  to  be  noted  that  neither  of  the  deavans  corresponds  to 
the  bedding,  or  has  any  constant  relation  to  it. 

In  places,  where  the  rocks  are  cnt  by  basie  dikes,  a  third 
deavss[e  has  been  induced,  extending  for  a  tern  yards  on  dtber 
side  of  the  dike,  and  running  strictly  parallel  to  its  wslb. 
This  third  cleavs^  cuts  the  other  two,  and  near  the  dike 
almost  obliterates  uem.  The  predominant  deavage  or  sdiis- 
tosc  structure,  which  runs  a  little  north  of  east,  has  been  ver; 
commonly  described  as  stratification  by  previous  writers.  The 
minor  parting,  however,  has  been  very  generally  recognized  as 
a  cleavage.  Throughout  the  rock  there  are  numerous  irregu- 
lar veins,  chiefly  of  quartz. 

This  series  was  traced  by  the  writer  as  far  north  as  T.  51-19, 
near  the  St.  Louis  River.  Here  several  specimens  were  taken 
from  an  outcrop  (about  N.W.  J  S.W.  J,  Sec.  27).  One  phase 
is  a  dark  green  siliceous  slate  or  quartzite ;  another  is  a  fine- 
grained slate ;  a  third  is  a  silvery  sericitic  schist  or  slate.  In 
the  two  last-named  rocks  what  appears  to  be  the  original  strati- 
fication may  generally  be  distinguished  ;  and  in  the  specimens 
taken  this  structure  runs  nearly  at  right  angles  with  the  cleav- 
age. It  is  not  so  plain,  however,  as  ten  miles  further  south. 
There  was  found  at  this  place  only  one  cleavage  or  schis- 
tosity  (for  in  different  zones  it  appeared  as  each)  in  the  rock. 
This  corresponded  in  general  with  the  main  cleavage  at 
Cloquet,  with  a  steep  hade,  and  a  trend  between  N.  60°  E.  and 
N.  80°  E. 
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Oroundsfor  Correlation. 

We  may  now  suggest  groands  for  correlating  the  Thomson 
leries  with  the  Keewatin  of  the  Mesabi  Kange  rather  tlian 
i^ith  the  Animikie  of  that  district. 

1.  LithologicaL — Since  the  basis  on  which  the  Thomson 
ilates  have  been  correlated  with  the  Animikie  was  purely 
ithological,  we  will  first  present  the  same  argument  for  corre- 
ation  with  the  Keewatin  ;  and  it  appears  that  the  grounds  for 
lie  latter  are  much  stronger. 

The  slates  as  seen  about  Cloquet  resemble  very  closely  the 
ilates  of  the  southern  part  of  the  Virginia  area.  Almost 
jvery  phase  of  the  Cloquet  rocks  can  be  duplicated  in  this 
K^eewatin  district.  They  diflEer  only  in  that  the  St.  Louis 
XKsks  are  traversed  by  a  minor  transverse  cleavage.  But  the 
*esemblance  of  the  northern  part  of  the  known  St.  Louis  rocks, 
;ho6e  in  T.  51-19,  described  above,  to  those  of  the  Virginia 
irea  is  complete.  Here  not  only  the  little  altered  detrital 
:>ha8e8  are  duplicated,  but  to  a  certain  extent  some  of  the  less 
iltered  schistose  rocks,  such  as  the  sericitic  slate  already  de- 
icribed.  Moreover,  all  the  specimens  have  the  peculiar 
greenish  tint  which  is  usual  in  the  Keewatin  rocks  (the  "green 
ichists")  and  is  a  distinctive  mark  as  compared  with  the  dead 
^lack  of  the  unaltered  carbonaceous  Animikie  slates. 

In  the  region  further  west,  especially  in  the  vicinity  of  the 
tfisBissippi  Kiver,  the  Thomson  series  becomes  in  part  crys- 
lalline,  naving  changed  into  sericitic,  micaceous,  hornblendic, 
^taurolitic,  or  garnetiferous  schists.  These  phases,  which 
)ccupy  a  considerable  portion  of  the  series,  correspond  exactly 
0  the  "green  schists"  and  crystalline  schists  of  the  Keewatin 
in  the  Mesabi  district. 

2.  Dynamical. — One  of  the  greatest  diflEerences  between  the 
least  altered  Keewatin  rock  of  the  Virginia  area  and  the  Aui- 
Qiikie  slates  in  the  vicinity  is  the  presence  of  the  steeply  dip- 

ing  regional  cleavage,  which  has  an  average  trend  of  about 
~.  70*^  E.  This,  as  has  already  been  noted,  marks  a  distinc- 
tively pre- Animikie  disturbance.  In  the  Cloquet  rocks  there 
is  a  strongly  developed  cleavage,  nearly  constant,  running  a 
little  north  of  east  (averaging  perhaps  N.  85°  E.)  and  so  hav- 
ing approximately  the  same  trend  as  that  of  the  Mesabi  dis- 
trict. In  T.  51-19,  ten  miles  further  north,  the  same  strong 
cleavage,  with  nearly  the  same  direction,  was  found,  and  the 
transverse  cleavage  which  is  seen  at  Cloquet  was  not  observed. 
From  here  to  the  first  rock  exposures,  upon  the  Mesabi  Range, 
the  distance  is  about  40  miles ;  and  here,  as  before  observed, 
there  is  no  sign  of  disturbance  in  the  Animikie  rocks,  but  the 
Keewatin  exhibits  the  same  cleavage,  as  well  as  the  same  litho- 
logical  peculiarities. 


s 
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It  may  be  aUowed  to  soBpeet  then,  that  the  deftvaf^e  of  tlie 
Thomson  serieB  was  developed  at  the  iame  time  and  by  the 
same  forces  as  that  of  the  Mesabi  Banse  and  aa  the  correapond- 
in^  strnctores  which  are  fonnd  farmer  north,  in  Minneeott 
and  Canada.  If  this  be  the  ease,  the  Thomson  aeries  must 
be  pat  below  the  nnconformitjr  exhibited  upon  the  Mesabi, 
and  provisionally  correlated  with  the  Keewatin.  The  see- 
ondanr  cleavage  shown  in  the  Thomaon  alatea,  aa  at  Cloanet, 
may  lor  the  present  be  supposed  to  be  more  Ioca1|  and  to  oare 
had  its  cause  near  by, — ^perhapa  connected  with  the  advent  of 
some  of  the  larger  masses  of  igneons  Keweenawan  rock,  as  ve 
have  noted  that  the  rare  third  cleavage  accompanied  the  mtto- 
dnction  of  the  narrow  dikes. 

We  must  also  take  into  account  the  conaiderable  folding  which 
the  Thomson  series  has  nndergone,  as  distingniahed  from  the 
nndistnrbed  condition  of  the  Animikie.  In  this  respect  ak) 
it  resembles  more  the  Eeewatin.  The  ooearrence  in  the 
Thomson  slates  of  many  veins  of  qnarti  and  the  generally 
indurated  appearance  of  the  rocks  accords  with  the  appearance 
of  Mesabi  Keewatin,  and  suggests  that  the  beds  have  been 
deeply  buried. 

T7h€  AnimikU'Keweenawan  Untov^^ormUy, 

If  it  shall  be  finally  considered  that  this  suggjeated  correh- 
tion  is  correct,  we  shall  appear  to  have  in  this  region  Eeewatin 
strata  directly  overlaid  by  the  Keweenawan  rocks  which  are 
exposed  in  ^reat  quantities  a  little  further  east.  If  we  believe 
in  the  original  extension  of  the  Animikie  sediments  over  the 
whole  Lake  Superior  basin,  it  will  follow  from  this  correlation 
that  the  erosion  interval  between  the  Animikie  and  the  Ke- 
weenawan was  very  great. 

Minneapolis,  May  3,  1891. 


Art.  XXIII. — The  G^nv  ration  of  Chlorine  for  ZaboraUtry 
Purposes;  by  F.  A.  GoocH  and  D.  Albebt  Kreider. 

[Contributions  from  the  Kent  Chemical  Liiboratory  of  Yale  College— XXXIII] 

That  chlorine  may  be  generated  in  a  state  of  greater  or  less 
purity,  variable  with  the  conditions  of  evolution,  by  the  action 
of  hydrochloric  acid  upon  ])otassinm  chlorate  has  been  shown 
by  Pebal*  and  Schacherl,+  but  the  application  of  this  fact  to 
the  practical  generation  of  chlorine  for  the  purposes  of  the 

*  Ann.  der  Cheni.,  clxxvii.  1.  f  Ibid,  elxixii,  197. 
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aboratory  has  not  to  our  knowledge  been  proposed.  The 
lesirability  of  an  automatic  generator  from  which  an  abundant 
low  of  chlorine  gas  may  be  drawn  at  will  or  shut  off  without 
langer  or  inconvenience  has  led  us  to  a  study  of  the  condi- 
ions  most  favorable  to  the  safe  evolution  of  chlorine  by  the 
iction  of  the  chlorate. 

Pebal*  showed  that  the  gas  evolved  at  ordinary  tempera- 
nres  from  a  mixture  of  potassium  chlorate  and  sodium  chlo- 
ide  acted  upon  by  sulphuric  acid  diluted  with  twice  its  vol- 
ime  of  water  consists  of  chlorine  and  chlorine  dioxide  in 
learly  equal  proportions.  Schacherlf  found  that  when  potas- 
ium  chlorate  was  acted  upon  by  hydrochloric  acid  diluted  with 
wice  its  own  volume  of  water  the  yield  of  chlorine  was  about 
t6  per  cent  or  57  per  cent  of  the  mixed  gases  according  as  the 
:hlorate  was  granular  or  in  line  powder;  that  hydrochloric 
cid  of  halfnstrength  yielded  a  gas  containing  nearly  60  per 
ent  of  chlorine,  and  that  the  proportion  of  chlorine  rose 
learly  to  68  per  cent  when  the  gas  was  passed  through  con- 
entrated  hydrochloric  acid  and  then  washed  with  water ;  that 
he  chlorate  when  acted  upon  by  the  strongest  hydrochloric 
cid  cooled  to  0°  C.  and  then  warmed  only  enough  to  start  the 
iction  yielded  a  gas  carrying  87  per  cent  of  chlorine  ;  and  that 
^hen  a  solution  of  potassium  chlorate  was  permitted  to  flow 
nto  hot  strong  hydrochloric  acid  the  free  chlorine  constituted 
learly  75  per  cent  of  the  mixture.  So  it  appears  that  the 
aiffhest  yield  of  chlorine  resulted  when  the  solution  of  the 
ehlorate  entered  gradually  the  hot  strong  acid — a  condition 
not  easily  attained  in  an  automatic  generator. 

The  fact  that  chlorine  dioxide  is  so  easily  decomposed  by 
heat  into  chlorine  and  oxygen  naturally  suggests  the  possibility 
of  increasing  the  proportion  of  chlorine  evolved  in  the  first 
instance  by  working  at  the  highest  temperatures  practically 
attainable  under  the  conditions.  In  order,  however,  to  secure 
a  temperature  approaching  the  boiling  point  of  water  it  is 
necessary  to  reduce  somewhat  the  strength  of  the  hydrochloric 
acid  acting  (in  order  to  avoid  the  evolution  of  hydrochloric 
acid  gas  and  the  consequent  interference  with  the  regular  auto- 
matic action  of  the  generator),  thus  sacrificing  the  advantage 
naturally  attending  the  use  oiF  acid  of  the  highest  degree  of 
concentration.  Upon  experiment  we  find  that  acid  of  half- 
strength  (sp.  gr.  I -10)  can  be  made  to  yield  a  very  satisfactory 
proportion  of  chlorine,  ^e  have  employed  in  our  work 
potassium  chlorate  fused  (best  in  platinum)  and  cast  in  sticks 
or  broken  into  coarse  lumps.  A  small  Kipp's  apparatus,  hold- 
ing about  a  half-liter  of  liquid  in  the  two  lower  chambers, 
makes  a  convenient  generator,  and  the  requisite  temperature 

♦  Loc.  cit.  f  Loc.  cit. 
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maj  he  wcnred  hv  wnppiag  the  tiro  lower  diamlwre  vhk 
fladble  iDetallic  taijing  tiiroagh  which  steam  U  driven,  or, 
with  equal  conrenieaoe.  bj  »iniplj  funding  the  whole  sppt* 
ratos  in  heated  water.  When  the.  simple  precaution  is  tak«i 
to  heat  the  acid  to  •>>'  or  7'.i'  C.  before  allowing  it  to  cone 
■hnrir  into  conUct  with  the  fused  chlorate  no  diffically  what 
ewtr  is  met  with  in  the  practieal  aatomatic  working  of  the 
generator ;  but  if  cold  acid  is  permitted  to  act  upon  the  chlo- 
nte  it  becomes  diar^^  more  or  leee  with  the  chlorine  dioxida 
nid  a  snb$e']DeDt  ri«e  of  temperature  mtj  caase  dissociation  of 
Ote  expletive  gas  with  enffieient  eaddenoess  to  expel  tbe 
liquid  from  the  generator  with  considerable  violence.  The 
«tf  evolved  directly  from  the  generator  is  never  pnre  chlorine. 
To  determine  the  relative  proportions  of  chlorine  and  chlorine 
dioxide  (the  sole  prodncts  of  the  action  according  to  Pebal) 
the  gas  ag  it  ts^ned  from  the  generator  was  (naased  throagh  two 
{npettes  titled  with  glass  stopoocks  and  joined  to  one  another. 
Alter  allowing  a  reasonable  time  for  the  complete  e.xpiilsionof 
•ir  fruin  the  pipettes  the  etopooeke  were  closed,  and  tbe 
pipettes  were  disconnected  from  one  another  and  from  tlie 
naierator.  The  gas  contained  in  one  of  the  pipettes  wu 
•lowly  forced  by  means  of  carbon  dioxide  tlirongh  a  solatioo 
of  pocaf^ium  iodide;  that  in  tlie  second  pipette  was  driven 
slowly  by  means  of  carltoa  dioxide  through  a  liard  glass  tnb«  J 
filled  wLtli  asbest<:>s  and  heated  to  redness  by  a  Bnnsen  burner,  ^ 
and  ilii.Ti  j>a*stHi  tlm^ugb  a  solution  of  potassium  iodide.  Tlie 
iodine  set  free  in  each  case  was  determined  in  the  acidified 
solutioti  by  standard  sodiam  thiosalphate,  and  the  difference 
in  the  amounts  of  iodine  fonnd  was  attributed  to  the  actioa  of 
the  oxygen  of  the  chlorine  dioxide.  It  was  assumed  that  the 
gas  tilling  the  pipettes  ranged  in  line  was  homogeneously  dis- 
tributed, and  this  assumption  is  probably  nearly  enoagn  trae 
for  the  purpose  of  this  discussion.  The  temperature  of  tlw 
acid  in  the  generator  was  determined  by  ioaerting  a  thermom- 
eter in  the  ^west  chamber  of  the  generator,  ao  that  the  indica- 
tion for  the  point  of  action  is  only  approximate. 

In  two  experiments  made  with  acid  of  half  strength  and  it 
indicated  temperatures  of  80°  and  81°  the  chlorine  in  the  gsa 
amounted  to  816  per  cent  and  84  per  cent  respectively  of  the 
mixture.  A  comparison  experiment  made  with  the  strongest 
acid  heated  to  50° — the  highest  temperature  attainable  witbont 
evolution  of  the  liydrochlorie  acid  gas — the  yield  of  chlorine 
was  77-3  per  cent.  It  is  evident  that  the  acid  of  half  streoftth 
acting  at  80°  is  productive  of  a  more  favorable  yield  than  the 
strongest  acid  at  50°. 

Temperatures  very  much  higher  than  those  employed  can 
hardly  be  secured  continaally  under  the  conditions  of  work, 
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ind  yet  it  is  plain  that  a  considerable  amount  of  the  oxide 
^1  aooompanied  the.chlorine.  We  made  the  attempt,  there- 
Fore,  to  accomplish  the  destruction  of  the  oxide  by  passing  the 
nixed  gases  as  they  issaed  from  the  generator  through  a  small 
nrash-bottle  containing  a  hot  saturated  solution  of  manganous 
chloride  in  strong  hydrochloric  acid,  making  use  of  a  device 
previously  employed  in  this  laboratory  for  uie  decomposition 
-A  nitric  acid  and  chloric  acid.*  The  results  of  several  experi- 
ments conducted  in  this  manner  are  recorded  in  the  accom- 
panying statement.  The  gas  after  leaving  the  manganous 
chloride  passed  through  a  small  wash-bottle  filled  with  water, 
Bras  dried  by  calcium  chloride,  and  collected  in  the  pipettes 
irran^ed  in  train,  and  analyzed  by  the  method  previously 
iescnbed. 


Sirenfrth  of 

hydrochloric 

acid. 

Temperature 
of  acid. 

Temperature 

of  the  solution 

of  MnCla. 

Bubbles  of  gas 
passing  the 
wash-bottle 
per  second. 

Per  cent  of 
chlorine. 

Sp.  gr.  1-1 

«            cc 

83° 
83 

90° 
90 

5-6 
4-6 

87-5 
89-5 

«           u 

70-80° 

90 

1-2 

96-4 

«          (i 

87-5 

90 

3 

98-6 

U                i< 

83 

90 

3 

96-9 

[t  is  evident  from  these  figures  that  the  efficiency  of  the  man- 
^nons  chloride  is  considerable  and  naturally  most  manifest 
when  the  current  of  gas  is  slow.  Indeed,  during  the  passage 
of  gas  through  the  manganous  salt  small  bubbles  of  chlorine 
are  evolved  from  the  entire  surface  of  the  liquid.  The  washed 
gas  is  pure  enough  for  most  laboratory  purposes,  but  if  chlo- 
rine perfectly  free  from  chlorine  oxide  is  desired  it  may  be 
obtained  by  passing  the  washed  gas  through  a  hard  glass  tube 
filled  with  asbestos  and  heated  by  a  Bunsen  fiame. 

In  the  exceptional  cases  in  which  the  ignition  tube  is  used  it 
is  well  to  keep  in  mind  the  fact  that  in  starting  the  generator 
the  acid  should  not  be  thrown  in  too  great  quantity  upon  the 
chlorate  at  first  lest  an  unusually  large  proportion  of  the  di- 
oxide be  liberated,  which  may  cause  a  slight  explosion  in  the 
ignition  tube.  Should  such  be  the  case,  nowever,  the  liquid 
in  the  wash-bottle  will  prevent  the  extension  of  the  explosion 
to  the  gas  in  the  generator  proper,  and  the  insertion  of  the 
wash-bottle  should  never  be  omitted  when  the  ignition  tube  is 
to  be  put  to  use.  So  long  as  it  is  kept  hot  we  have  never 
found  the  apparatus  other  than  perfectly  manageable,  safe,  and 
automatic  in  action. 

Inasmuch  as  a  single  gram  of  potassium  chlorate  produces 
approximately  a  half-nter  of  chlorine,  and  a  cubic  centimeter 

♦This  Journal,  xliv.  117;  xlvi,  231. 
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SCIENTIFIC    lyTELLIGBKCE. 

I.    Geology  asd  Hineraloot. 

].    Geologic    Atlai   of  tht    VrtiUd  SttUea,  lAvingtton  FiMo, 
Montana  (folio  No.  1),  {T.  S.  OeoL  Svrv.,  3.  W.  Powell,  Direc- 


tor. Washington,  1 894,  Et.  2*  2  pp.  text,  4  nuipa  1  pL— Thoae  who 
are  interested  in  the  progress  of  the  work  perfonned  by  the  Geo- 
logical Survey  will  be  pleased  to  see-thii  folio.    Some  small  pre- 


liminary and  experimental  editions  of  rimilar  sheets  hare  beeo 
previouslv  pnblished,  bat  this  is  the  first  folio  issned  in  complete 
form  an(^  for  the  public.  It  marks  in  a  certain  way  tbe 
beginning  of  the  final  rcEnlts  for  which  the  Survey  was  organized. 
There  are  few,  save  those  who  have  watched  the  progress  of  tbe 
organization  from  its  Inception,  who  realixe  the  vast  amount  of 
careful  and  laborious  work  necessary  to  produce  the  present  folio. 
The  area  chosen    for  illustration    upon  tbe   first    sheet  of  the 

feologic  and  topographic  atlas,  has  been  well  selected  to 
isplay  the  high  order  of  scientifio  work  the  survey  is  doing. 
It  lies  between  110°  and  1U°  west  and  45°  and  46°  north;  and 
Livingston,  situated  on  the  Northern  Pacific  R.  K.  and  the  Yellow- 
stone River,  and  within  these  boundaries,  has  given  its  name  to 
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the  folio.  The  area  therefore,  lies  immediately  north  of  the  Yel- 
lowstone National  Park.  The  southeastern  portion  comprises  an 
elevated  block  of  mountains  called  the  Snowies,  chiefly  of 
Archsean  formation  but  cut  by  intrusions  of  igneous  rocks  and 
covered  in  part  by  enomerous  extensions  of  lavas  and  tuffs. 
Around  the  western  and  northern  slopes  of  this  great  mass  winds 
the  Yellowstone  river  in  an  open  valley.  The  Paleozoic  forma- 
tions lie  tilted  up  against  its  flanks,  while  the  Mesozoic  are  partly 
upturned  and  partly  occupy  in  more  horizontal  position  the  open 
valley  of  the  Yellowstone.  The  western  edge  is  defined  by  the 
slopes  of  the  Gallatin  Range,  chiefly  composed  of  igneous  extru- 
sive masses,  and  the  Bridger  Range  of  Archsean  and  Paleozoic 
upturned  rocks.  To  the  north  the  line  passes  through  the  south- 
ern flanks  of  the  Crazy  Mt.  massive,  Cretaceous  ?  strata  injected 
with  igneous  masses  of  which  only  the  singularly  vast  and  intri- 
cate system  of  radiating  dikes  shows  on  the  map. 

Thus  there  is  great  variety  both  in  topographic  form  and  in 
the  range  of  geological  formations,  aflbrding  an  excellent  oppor- 
tunity for  the  display  of  the  varied  resources  of  the  survey  in 
geological  work  and  map-making. 

The  folio  contains  first  two  pages  of  text  explanatory  of  the 
geography,  topography  and  geology  both  scientific  and  economic. 
Then  follows  a  topographic  map  with  the  elevations  given  by 
contours  and  on  a  scale  of  four  miles  to  the  inch.  These  maps  pro- 
duced by  the  survey,  often  in  conjunction  with  the  States,  have 
become  tolerably  familiar  to  the  public  of  late  years.  When  the 
amount  of  time  and  money  available  for  their  production  is  taken 
into  consideration  they  are  wonderfully  accurate,  while  the 
mechanical  execution  is  extremely  perfect  and  beautiful.  The 
triangulation  and  topography  of  the  Livingston  sheet  are  by 
Messrs.  Rexshawk,  Douglas,  Tweedy  and  Leffingwell,  under 
the  supervision  of  Mr.  Gannett,  chief  topographer  and  Mr. 
Thompson,  chief  geographer  in  charge. 

The  geological  maps  in  colors  that  follow  are  three  in  number, 
the  first  giving  the  areal  geology  on  the  topographic  base,  the 
second  devoted  to  economic  geology  is  similar  but  with  the  coal- 
bearing  strata  strongly  accentuated,  while  the  third  on  a  flat  base 
gives  only  the  main  geologic  areas  and  is  cut  by  sections  giving 
tbe  geological  structure  in  detail. 

These  are  followed  by  a  plate  giving  the  columnar  section  of 
the  sedimentary  formations  accompanied  by  full  notes  and  details. 

The  geological  portion  of  the  work  has  been  under  the  charge 
of  Abnold  Hague,  the  geology  in  the  field  having  been  done  by 
Messrs.  J.  P.  Iddings  and  W.  H.  Weed.  The  names  of  these 
specialists  are  sufficient  to  indicate  the  clear  and  excellent  manner 
in  which  the  survey  has  been  carried  out,  and  the  maps  them- 
selves give  the  best  evidence  of  the  careful  and  painstaking  work 
that  has  been  put  upon  them  both  in  the  field  and  in  the  office. 

The  pleasing  tones  and  patterns  and  the  artistic  combinations 
of  colors  of  these  maps  deserve  a  separate  word  of  commenda- 


1T*J  Sco/ht{ll*'  Infellhjenre, 

li-'iK  In  tlii-i  they  arc  in  striking  contrast  to  the  generality  •■*( 
gii'l-'irii-al  inaji>,  such  for  instance  as  the  new  geological  atlas  of 
liriniaiiy,  i^^iiujl  at  Goiha  under  the  8uj»ervision  of  Prof. 
T.Kr-n  -*.  wliosc  irlaring  colors  and  sharp  contrasts  offend  the  eye. 
It:  o::'.y  or.e  |Miini  «loi«s  it  ap]K'ar  that  the  Livingston  map  could 
l.;i\o  l»ti-n  improved.  In  the  areal  geoli»gy  sheet  the  tone  of 
the  ool.-r  stlecii'd  for  Arohivan  is  too  dark,  making  it  difficult  to 
^.  I  i!u'  C"i;iour  lints  and  to  studv  the  geology  in  connection  with 
\\w  \\\\v\  I'-Tni.  The  same  may  te  said  of  the  areas  of  l.iasic  amle- 
situ- i»!\cri.i.  (^n  the  other  hand  the  tone  of  the  same  color  em 
j'!.\\  t.i  r.r  tlio  oorri'Spnnding  areas  on  the  economic  sheet  is  all 
T!  ;r  t  .■•;Id  Ik-  di"iirod,  in  this  respect. 

Ti.o  r.-i»  I  if  vellow  instead  of  the  conventional  tones  of  red  to 
di-^:L::i:iti>  the  iv;no«»us  rocks  will  a))pear  novel  to  many,  but  it  must 
bo  admitted  that  it  adds  to  the  artistic  beauty  of  the  map  and 
»Kti::e'«  i!;i-  areas  with  irreat  clearness.  l.  v.  v. 

■_.    /i\ '  .'•■>•  ..;"  .A.«//i/#   rtfi'fU'tion  to  Soda  ht   IlornbUnth  :  hv 
Ai  ri:ri»  I'.   I.v.nk.    (Communicated). —I  find  that  the  followiDj 
law    ti>  wvA  «Mjiy  my  own  observations  on  hornblende,  but  also 
!.  !\w  ir.dicatii'n«»  as  I  can  find  in  the  literature, — 


,>v  I. 


:".i 


■        ■    .«  * 


/,  =0o  17  ((»U12  — ft) 

\\!.v:\  i>  :!.«■  an.ount  of  soda  contained,  and  h  the  refraction  of 
j  :ii.\».vidal  (1<>'M  section  ;  h  to  be  considered  negative,  as 
./..  u  i.i'iicMr  the  refraction  for  the  vertical  axis  is  less  than 
i.»'.  :•  I  '.:i'.i!al.  That  this  double  refraction  should  be  dependent 
.  \'  ,  .■  •:•;•.  ,>:  <o.la  !"»  ren«K'rcd  less  surprising  by  the  lact  tliVi 
u  :':.    ■■,    ■      -^  :»>.    it*  >.  .la   lliiie  is  generally  also  a   pn'^^nvs^iv.- 

,:  .     !  •        .  :  :!  V   ihI  cinl  of  the  spectrum  in  the  same  secruni. 

I  ■  .  ,:  ;  ;/!...;,  s  c.':;laiiied  but  two  molecules,  <Mie  Oi>ntaii)ing 
^  ;...::  .  •"  .  5  !  ■  :.  a  law  nt'ihe  alH>vc  form  mu<t  tln'oielioar.y 
'  .    ■■  ..   ..-  ..  •  ■-•    liMrixijnation,*  but  I  am  rather  surpri>»cd  lliai 

•,  ..  ,  :   .  ■     ...  1    v   ^i.  wi.iely  a^  it  <loes  in  so  complex  a  group.     It 
;.  :     i  ,  ■'   *  •.  .1,  l.,>\vevei\  that  f«»r  any  two  molecule^  having 

■.    ....    .V..'    s.  ,:  ,   \\..v\\    will  be  a  cou]>le  of  section>  at   rigliT 

■     -. !  •   .i\;.u  j'ai.e  whi.'h  will  have  the  same  double  refrar- 
,  .  :      ..  ■     .\  .  ;;\-,  au-l  lluroftuv  Will  uot  vary  in  double  iv- 

I-  .   ;  .        •     ..   •  •    :■{.■..■>  iiiivrureN  ot  the  two.     It  i^  j>robably  ina- 
. .  ,  .         .    .     ,•  ;,,i-  ;].,    .'..irint'iier  and  mt»iv  imjK»rtanl  non-soilifor- 
,.  ...   ;-....  :\ ..  :t  ,•  ..i;"i:.-piiiar..idal  •louble  refractions  are  nearly 

li,.  .J....        1':    .:.   ;:  ■:    ti-:i-.  lio\vevi-r,  f«»r  the  brown   UoheiMian 

1.,.,..     ..    :.    . I.  ..-■•■.. 1   l.y  1..  vv  aii-l   Lacroix,  and  this  is  the  nulv 

,   ,  .,    x\  .,-    1   ;,:..  \v   ,.:    \\]  K\\   tl:e   law  can   be   said  detinitely  t««   lai'. 
i;,,!  ..!.v,  Mi:"      -  an   f«^v.  an.l  the  main  «»bject  of  tlii^^  commuiiioa- 
,,..,.  i.    ...   ..  ;■;  ;j  ..  ;-,.;,  I  •:..!!  ..f  lelh-w-worker^  to  the  subject,  nn-l 

!ii"e  in  .'!  .r:  :l:.-r  \\\  .•  i:.akr  lioinblende  analyses  l.>  observe  tl.> 
.l.MjI.'.r'  I.  iih-.i.-n.  (>r.  irtluy  will  exchange  material  with  IM 
u  rill  I    III'  will  1h'  \k\'\    iiiuch  tibliixed. 

-  I-    ..  ,   .    \,      ..'■':■    "'     >:•:'.    lU:'.:\ec  Haml  viii.  ]».  li'..'^. 
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3.  A  new  locality  for  Silurian  Limestone  hi  Northern  Michi- 
in  ;  by  A.  E.  Seaman.  (Communicated). — In  view  of  the  fact 
lat  much  has  been  written  about  Limestone  Mountain,  west  of 
araga,  and  as  it  has  been  stated,  that  it  is  the  "only  outcrop  of 
ilarian  limestone  in  Michigan  west  of  Keweenaw  Bay,  I  tnink 
le  knowledge  of  a  new  locality  will  be  of  interest  to  the  readers 
r  your  magazine. 

Early  last  winter  Mr.  Abner  Sherman  of  Houghton,  brought  to 
ly  office  at  the  Mining  School,  a  specimen  of  limestone  which, 
B  said,  was  taken  from  an  outcrop  near  the  center  of  Section 
,  T.  51,  R.  34.  Having  some  doubt  as  to  the  limestone  being  in 
lace,  I  decided  to  visit  the  location  in  order  to  verify  the  obser- 
Ations  of  Mr.  Sherman.  June  4th  I  started  for  the  locality,  in 
>mpany  with  Drs.  Hubbard  and  Lane,  of  the  Geological  Survey, 
id  Mr.  L.  A.  Wright,  of  the  Mining  School. 
The  limestone  was  found  to  occupy  a  synclinal  basin,  the 
reater  part  of  which  lies  south  of  the  center  of  the  aforesaid 
KStion.  The  major  axis  of  the  fold  lies  about  north  30°  east,  and 
le  dip  varies  from  3°  to  28°,  the  steeper  dip  being  northwesterly, 
be  strata  exposed  will  approximate  a  hundred  feet  in  thickness, 
id  form  bluffs,  which  in  places,  rise  precipitously  to  the  height 
'  sixty-five  feet.  These  bluffs  form  a  higher  and  a  lower  terrace, 
hich  can  be  traced  for  about  five  hundred  paces.  The  Lake 
iperior  sandstone  was  seen  to  dip  in  conformity  with  the  lime- 
one,  the  two  rocks  being  separated  by  only  a  few  feet  of  talus. 
The  fossils  collected  are  characteristic  of  the  Lower  Silurian 
Trenton).  Besides  brachiopods,  lamellibranchs,  gasteropods, 
»ral8,  crinoids,  bryozoa,  etc.,  I  found  the  pygidium  of  one  trilo- 

te. 

Advantage  of  the  occasion  was  taken  to  visit  Limestone  Mt.  on 
ctions  13,  14,  23  and  24,  T.  51,  R.  35.  Here  near  the  bottom  of 
e  limestone  series,  fossils  were  collected  which  correspond  with 
lose  above  mentioned  from  section  7.  Higher  up  in  the  series 
ere  found  characteristic  Upper  Silurian  fossils,  probably 
iagara.  Our  observations  thus  verify  those  of  Mr.  W.  L. 
onnold,*  who  three  years  ago,  collected  Niagara  fossils  from 
is  location.  The  finding  of  limestone  outcrops  on  section  7, 
akes  it  quite  probable  that  careful  search  will  reveal  others 
^pping  high  synclinal  hills  in  the  sandstone  area. 
Michigan  Miniog  School,  Houghton,  Mich.,  June  18,  1894. 

4.  Etude  8ur  la  ditermination  des  Feldspaths  dans  les  plaques 
inees;  by  A.  Michel  L6vy  (Baudry),  Paris,  1894,  8°,  70  pp. 
pi.  ID  col. — The  appearance  of  this  work  is  another  token  of  the 
[cellence  of  the  methods  of  research  with  which  petrography  is 
nug  supplied. 

We  are  already  indebted  to  the  author  for  many  valuable  re- 
arches  on  the  relations  between  the  optical  and  crystallographies 
'operties  of  the  feldspar  group  with  special  reference  to  their  use* 

•  This  Journal,  xlii,  p.  170,  171,  1891. 
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ia  mieroaeopieil  feuomfkr,  Im  tke  pwMrt  cue,  the  aathor 
hi*  in  addiuoo  extended  tht  raeeat  woifa  ef  FederoF  mod  Becke, 
added  nev  meiliodft  of  his  ova  aad  prodaoed  a  volaqte  which 
will  be  giatefallT  mriTcd  bj  voAms  patrologMtt.  It  is  now 
pottible  on  a  si^;le  eeetioa  of  a  aueroBtw  eoda  lime  feldspar  to 
determine  within  dote  boaadaries  aoi  oaly  its  eheoucal  compou- 
lion  bat  iu  orientation  as  welL  It  is  thas  to  be  hoped  that  the 
indefinite  word  plagioelaee  wiU  hcaeeforth  be  aaed  in  much  re- 
stricted manner. 

The  Tolnme  is  embellished  b]r  eight  beantifal  plates  io  color 
showing  in  stereogrwhie  ptojeetidB  all  the  relations  between  the 
optical  properties  of  the  soda  fiaw  ieldspaia  and  their  cry«til 
form,  thos  adding  greatly  to  its  valne.  i^  v.  p. 

OnrcAKT. 

Gbobge  HrsmrGTOx  Wiixiajb  died  at  Utiea,  N.  Y.,  on  the 
12th  of  Jaly,  at  the  am  of  38.  He  was  bora  at  Utiea,  and  grad- 
uated from  the  Utica  Tree  Academy ,  entered  Amherst  College  in 
1874  and  took  his  first  degree  with  the  dass  of  1878.  Whue  in 
college  he  canght  his  enthusiasm  fi>r  geidogy  6om  his  Professor, 
B.  KT  Emerson,  and  spent  a  year  in  graduate  studies  at  Amfaent 
He  then  went  to  Berlin,  where  he  perfected  his  knowledge  of 
German,  and  to  Heidelbeiv  where  he  was  a  devoted  pupil  of 
Rosenbosch  and  took  the  F¥lD.  degree  in  1882.  In  the  following 
year  he  became  a  fellow  in  Johns  Hopkins  University  where  he 
was  appointetl  Professor  of  Inorganic  Geology  in  1885,  which 
position  he  still  held  at  the  time  of  his  death. 

Petrography  and  Crystallography  were  the  special  departments 
of  geology  which  he  cultivated,  and  his  text-book  on  Crystallog- 
raphy is  a  lucid  exposition  of  the  methods  of  research  in  this  line. 
At  the  time  of  his  death  he  was  at  work  on  a  treatise  ou  the 
Microscopic  Structure  of  American  Crystalline  rocks.  He  was 
one  of  the  best  authorities  on  these  subjects  in  America,  and 
served  as  one  of  the  judges  of  award  in  the  department  of  Miner- 
alogy at  the  Columbian  Exposition.  His  untiring  devotion  last 
summer  at  Chicago  to  the  duties  thus  put  npon  him,  it  is  feared 
may  have  laid  the  foundation  of  the  disease  which  overcame  his 
otherwise  vigorous  constitution.  Professor  Williams  was  an 
attractive  teacher  and  had  a  peculiarly  pleasing  manner  in  both 
private  conve]*sation  and  public  address,  and  the  animated  and 
clear  descriptions  he  gave  of  even  the  most  technical  subjects 
went  far  to  interest  his  hearers  in  any  topic  he  chose  to  speak 
upon.  Ilis  broad  education,  attractive  personal  qualities  and 
thorough  acquaintance  with  the  facts  of  his  science  gave  hira  a 
prominent  place  among  his  fellows,  and  although  still  a  young 
man  he  was  rapidly  rising  to  honor  and  fame.  His  loss  will  be 
keenly  felt  by  all  who  knew  him. 
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Art.    XXIV. — Miocene    Artiodactyles  from    the    Eastern 

Miohippus  Beds ;  by  O.  C.  Marsh. 

In  recent  numbers  of  this  Journal,  the  writer  has  described 
various  ungulate  mammals  from  the  upper  Miocene  of  South 
Dakota  and  adjoining  regions.*  These  were  artiodactyles 
mainly,  and  of  them  the  larger  forms  were  related  more  or  less 
closely  to  the  genus  Anthracotherium^  established  by  Cuvier 
in  1822.  These  forms  prove,  on  further  study,  to  be  more 
numerous  and  important  in  the  horizon  where  Protoceras  was 
found,  or  in  the  eastern  Miohippus  beds,  than  was  at  first 
suspected,  and  some  additional  specimens  are  described  briefly 
and  figured  in  the  present  article. 


Heptdcodon  gibbicepSy  sp.  nov. 

The  type  specimen  of  the  present  species  is  a  skull  in  good 
preservation,  except  the  posterior  part,  which  is  lost.  The 
portion  preserved  fortunately  affords  a  number  of  characters 
sufficient  to  separate  the  genus  from  allied  forms  of  the  same 
horizon,  which  will  be  discussed  later. 

The  facial  portion  of  this  skull  is  strongly  rounded  above, 
especially  in  the  frontal  region,  and  this  has  suggested  the 
specific  name.  The  orbits  are  large,  and  not  closed  behind, 
although  limited  posteriorly  by  strong  processes  above  and 
below.  There  is  no  antorbital  depression,  and  the  lachrymal 
foramen  is  inside  the  orbit.  The  nasals  are  elongate,  narrow 
in  front,  and  widely  expanded  behind  where  they  join  the 
frontals.  They  touch  the  lachrymals,  thus  separating  the 
maxillaries  from  the  frontals. 

♦  This  Journal,  vol.  xlvii.  p.  409,  May,  1894;  and  vol.  xlviii,  p.  91.  July,  1894, 
See  also,  vol.  xli,  p.  81,  January,  1891;  vol.  xlvi,  p.  407,  plate  vii,  November, 
1«93 :  and  vol.  xxxix,  p.  524,  June,  1890. 
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There  were  in  all  fcrtj-ioar  teeth.  Three  inciBon  were 
present  on  each  nde  abora,  and  there  ia  a  diastema  behind  the 
!ast  one.  The  npper  eanine  waa  Urge,  and  diteoted  well 
forward  and  ootwwd.  There  ia  no  diaatema  behind  the 
canine,  and  the  four  premoUta  form  with  the  tme  molut  a 
oondnnonB  eeriea.  Tm  fitat  and  aeoond  premolan  are  aecant, 
tbe  third  is  robtriangnlar  in  outline,  while  the  fourth  has  i\e 
crown  compoaed  of  me  external  enap  and  one  internal  cone. 
Tbe  npper  molara  oonform  atrietly  to  the  pattern  of  the  tm 
specimen  on  which  the  genua  waa  baaed.  A  fignre  of  this 
tooth  and  one  of  the  ootreaponding  molar  of  the  preecnt 
specimen  are  given  below,  natoral  siae,  in  euLs  1  and  3. 


W 


I. — liuit  upper  niutar  oT  ll^Mcoda» 


ICarah;   leftaido;  iwnfp"' 


Tliu  ]u>!!turior  nares  o|>en  oppoaite  the  middle  of  the  W 
ii|ijioi-  inolui-^.  The  anterior  palatine  foramina  appciir  tu  l".' 
onitliioiit,  t'ormiii>;  tof^otlicr  a  lioart-Bbaped  apcrtiiru,  wlii<^l' 
niiiy  ill  |>iirt  be  duo  to  injury. 

i'liie  tv])e  tijiecimen  indicates  an  animal  about  the  ehv  uF  a 
wild  l.oul-. 


Kloineryx  annatm,  gen.  nov. 

Tln^  spot;itiK'n  desci-ilied  in  the  last  itumher  of  this  .IVmrwl 
iiH  llrp/ti,-o-l.'ii  'ii-iiKiti/H  proven  tm  exuiuination  to  belorif;  to  ^ 
disliiii't  jroims,  which  iiiuy  l>e  calitid  J^lomcri/x.  Of  this  {ru-mis 
twii  siiecius  lire  iiuw  known.  Some  uf  the  main  chaniotere  aa' 
asr..li..ws;- 

Tlie  ukull  is  eloufriite,  with  the  facial  part  quite  narrow- 
TIk;  fi'Kiiliil  rejjimi  hetwueii  the  oihita  is  flat  or  even  eoiK-aw- 
The  iirliits  iu-l'  very  Biuall,  iintl  not  closed  behind.  There  is  no 
Iaelii-yiti:i!  fussiu  1'lie  auturiur  uarial  opening  is  lar^,  aitd  the 
suuut  broad. 
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There  are  the  usual  forty-four  teeth.  The  upper  incisors 
liverge,  and  have  short,  compressed  crowns.  The  upper 
aniiie  is  very  large  and  dependent.  It  is  oval  in  outline  near 
ts  base,  but  compressed  below,  with  a  serrated  posterior 
tdge;  a  feature  not  before  observed  in  ungulate  mammals. 


Ki'ii'ne  :). — Left  upper  csoine  of  /CIuihti/j:  armatwi,  Manili;  outer  vie™. 
KiiiiuE  4. — LdBt  upper  mularursiiiiiu  Hpctius;  ri^htsiiiu;  twc'ii  rruiii  bi'luw. 
Both  n^iirm  are  iinlural  siz«. 

There  is  a  long  diastema  behind  the  canine.  The  premolars 
iind  molars  form  a  close  series.  An  upper  canine  and  last 
molar  of  the  type  species  are  shown  above,  natural  size,  in 
tigiires  3  and  4,  and  the  upper  molars  of  a  new  smaller  species, 
in  tigurc  5  below. 


The  posterior  nares  are  placed  well  behind  tlie  molar  series, 
much  as  in  existing  swine.  Tliere  is  a  postglenoid  process,  and 
a  long  paroccipital.  Tbe  type  species  lias  a  small  auditorial 
bulla,  and  tbe  other,  a  larger  one.  The  zygomatic  arch  is  slender, 
aad  curved  well  ontward.  The  temporal  fossffi  are  largo,  and 
separated  above  by  a  narrow  sagittal  crest.  The  brain  was  well 
developed.  Tbe  type  specimen  of  K  armatus  indicates  an 
miiiiaT  about  the  size  of  a  large  deer. 


O.  V.  Sfiirth — Miocene  Artiodtictylee,  etc. 


Octacodon  valetu. 

In  adilition  to  tlie  two  genera  above  described,  there  is  a 
tliird,  clusolv  allied  to  tlieni  appareatly,  whicli  is  now  ktiuvri 
from  various  remains  found  in  the  same  horizon.  These  re- 
iiiaiiif  inav  for  the  present  be  prorisionallj  placed  in  the  gcnn^ 
f),-tii,_iH/„„,  a  typical  npper  molar  of  whicli  is  shown  Mow. 
tipire  ••.  One  character  $een  in  the  teeth  of  this  geniiti  is  tk 
short  cn^wns  of  the  premolars  and  molars  and  the  low  cusps  anil 
cones  of  which  they  are  composed.  This  feature  will  at  once 
dUtin^iiish  the  teeth  from  those  known  as  Hyopotamu'.* 
ft.>iind  in  the  same  n^on.  In  the  latter  forms,  the  elcvatiuiis 
of  the  cRtwns  are  especially  prominent  and  pointed,  as  siiown 
ill  the  molar  represented  in  h^re  7. 


I  .if  'A'.i.ncA'N  riitrns,  Mnriiti:  Sfi-ti  (X'l 


The  |uisitioii  of  tin.-  tii-st  preiiuiliir  is  another  chai-acfer  df  im- 
|iurtuinH'.  Ill  //' ji/iftH/'-it  mill  t'fiiiinrifj-,  this  tooth  i.-;  sitiiiitfil 
duik.'  to  the  ,*econd  in-eiiiohr.  hut  in  the  specimens  here  relVTrfl 
to  rlu-  [iR'sont  ireiiiis,  it  is  separated  from  Iwth  the  c;iniiie  aii'l 
tlif  ^ecoiiii  ]K'etiio!ar  hy  ii  wellniarked  dinstcma.  Xone  of  tln'sc 
:ri'MiT;i  have  ihe  (iependeiit  prticcss  on  the  lower  j;tw  wliic'li  i> 
rh:ir;i<'t,'ri>tic  of  .1 /.Mw-vM- /-/i/w;.  The  neari-T' relutioti^  of 
tJu'Mj  viiriniis  allii-'l  furnis  will  be  discussed  by  the  writer  in  a 
later  roitiLiiLiriieation. 
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Lrt.  XXV. —  Tlie  effect  of  (jrlaeiation  and  of  the  Glacial 
Period  on  the  present  Fauna  of  North  America;  by 
Samuel  H.  Scudder. 

The  time  has  perhaps  arrived  when  at  least  a  beginning 
may  be  made  in  an  investigation  whicli  shall  show  with  some 
degree  of  exactitude  just  what  amount  of  influence  the  Glacial 
Period  has  exerted  upon  the  present  distribution  of   animal 
life  in  North  America.    Within  a  few  years,  and  with  a  degree 
of  precision  sufficient  for  our  purpose,  geologists  have  mapped 
the  areas  which   were   once   completely  buried  beneath  the 
northern  ice-sheet,  and  which  were  then  absolutely  devoid  of 
animal  life.     With  the  slow  southward  advance  of  the  ice, 
animals   were   crowded   southward ;    with   its   recession   they 
advanced  again  northward  to  reoccupy  the  desolated  region, 
nntil  now  it  has  long  been  re  populated,  either  with  the  direct 
descendants  of  its  former  inhabitants  or  with  such  limitations 
to  the  integrity  of  the  fauna  as  this  interruption  of  local  life 
niay  have  caused.     Precisely  what  modifications   may  have 
resulted,  what  probable  resemblance  the  present  fauna  bears  to 
that  which  preceded  it  before  the  interruption  of  its  occu- 
pancy of  the  whole  area,  is  the  problem  before  us,  though  we 
shall  only  attempt  a  first  step  toward  its  sohition. 

In  considering  this  question  it  occurred  to  me  that  some 
light  might  be  thrown  upon  the  matter  if  one  were  to  tabulate 
separately  the  animals  of  the  eastern  half  of  the  continent 
now  found  (1)  upon  the  area  once  covered  by  the  ice-sheet  and 
(2)  upon  the  driftless  area,  using  the  mapped  limits  of  the 
terminal  moraine  to  separate  the  two  regions ;  to  discover  how 
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manj  geneni  and  qiedes  woe  eommon  to  both,  and  how 
manV  peculiar  to  eaeh,  of  the  two  afeaa ;  and  finally,  to  com- 
pare'these  reralta  with  thoae  reached  by  a  similar  stody  of  the 
existing  fiona  of  aomeiriiat  equivalent  areaa  upon  the  Pacific 
coast  where,  it  is  claimed,  no  continental  ioe-aheet  ooTcred  the 
face  of  the  countiy.  flere  one  would  have  to  chooae  some- 
what arbitrarily  a  delimitation  between  the  two  areas,  north 
and  south,  which  ahould  tolerably  oorreapond  climatically  with 
that  of  the  terminal  moraine  of  eastern  America.  Aocord- 
ingly,  before  beginninf(  any  tabulation,  I  selected  the  follow- 
ing *areas  for  comparison :  £ast  of  the  Bocky  Mountains,  the 
"  &rren  ground  ^  of  the  high  north,  the  immediate  vicinitj  of 
the  Rocky  Mts.  and  the  extreme  south  of  Florida  and  Texas 
were  left  out  of  consideration,  and  the  two  areas  were  separated 
bv  the  line  of  the  great  terminal  moraine  as  mapped  bj 
Cliamberlin.  West  of  the  Sierra  Nevadas,  the  two  areas  were 
separated  by  the  norUiem  border  of  California,  and  the 
southern  district  was  limited  soutiiwudly  by  the  omission  of 
the  region  south  of  Los  Angeles ;  while  the  northern  district 
was  made  to  include  the  norUiem  part  oi  Washington  and  the 
southern  portion  of  British  Columbia,  though  cuift  covered, 
so  as  to  embrace  in  the  lists  the  numerous  collections  made  on 
Vancouver  Island  and  the  adjoining  main  land. 

Of  course  it  is  well  understood  that  the  fauna  of  eastern  is 
far  Knter  known  than  that  of  western  America ;  but  this  is  no 
real  itbstaele,  since  the  comparison  is  to  be  made  in  either  sec- 
tion In^twoen  the  northern  and  the  southern  districts  of  that 
i»ootion  onlv,  and  there  no  great  inequality  exists  ;  the  special 
point  of  enquirv  is  as  to  the  relative  fauna]  weight  of  the 
nortli,  if  the  expression  may  be  allowed,  in  the  east,  where 
the  j^roiHul  reiiiiired  complete  reoceupancy,  and  in  the  west,  . 
whoiv  oocupancy  had  not  been  interrupted. 

This  wouhl  furnish  a  gauge,  as  it  were,  of  the  effect  of  the 
(ilaoial   IVriiHl  ujwn  the  present  faunal  distribution  of  life. 
For  if  it  should  l>e  found  that    the  relative  proportion  of 
omltMiiio  northern  ^Miera  and  species  was  distinctly  less  in  the 
easi  than  in  the  west,  and  the  relative  number  of  genera  and 
si>ecies  eoninion  to  north  and  south  also  less;  then  surely  such 
relative  ]>ovortv  niiii^ht  properly  be  taken  as  a  gauge  of  the 
insiitVu'ieney  (H    the    time   that   has  elapsed  since  the  glacial 
>eriod  for  the  fauna  to  have  recovered  its  ancient  territory, 
t,  on   the  other  hand,  no  sign  of  such  poverty  can  he  dis- 
eovered,   then  we   may  fairly  assume  that  the  east  has  fully     '■ 
recovered   from   the  shock  of    the  Glacial  Period,  and  that, 
cxeeptin^  in  minor  points  which  special  investigation  would    '; 
j)oint  out,  the  present  distribution  of  life  is   much  what  it    " 
would  have  heen  had  there  been  no  Glacial  Period.     I  may    i 
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venture  to  add  that  before  beginning  this  enquiry  I  had  no  idea 
what  the  result  of  my  tabulation  would  prove. 

In  the  following  discussion  of  the  question,  I  shall  limit 
myself  to  the  use  of  insects,  and  indeed  of  a  single  order  of 
insects,  as  subjects  for  illustration ;  not  only  because  some 
limitation  must  be  made  in  this  place  with  so  large  a  subject 
before  us,  but  also,  and  principally,  because  insects  may  rightly 
be  regarded  as  better  tests  than  any  other  group  of  animals  or 
than  any  group  of  plants,  in  nice  questions  of  distribution  either 
in  space  or  time.  This  is  not  generally  acknowledged,  but  a 
single  pertinent  illustration  will  suffice. 

It  is  well  known  that  as  we  pass  upward  in  the  Tertiary 
period  there  is  a  growing  resemblance  of  the  animals  and 
plants  of  its  different  subdivisions  to  those  living  at  the 
present  time ;  a  resemblance  both  in  general  and  in  particular, 
an  increasing  percentage  of  forms  regarded  as  identical  or 
nearly  identical  with  existing  types  being  found  as  one  passes 
from  the  Eocene  to  the  present  time.  Furthermore  the  plants 
and  (leaving  the  mammals  out  of  account)  the  known  ani- 
mals of  the  Quaternary  are,  with  extremely  rare  exceptions, 
identified  altogether  with  those  now  living.  Nearly  all  the 
mammals  are  extinct.  Now,  although  the  main  broad  features 
of  insect  life  appear  to  have  been  much  the  same  in  the  early 
Tertiary  as  now,  not  only  has  not  a  single  Tertiary  insect  been 
shown  to  be  living  at  the  present  day,  whether  in  Europe  or 
America,  but  a  considerable  proportion  of  Quaternary  insects 
have  also  been  described  as  extinct.  It  is  true  that  a  few,  a 
dozen  or  two,  Tertiary  insects  have  been  listed  as  belonging  to 
existing  forms,  but  in  each  such  case  the  determination  has 
been  made  by  one  not  conversant  with  insects,  or  else  with  no 
statement  of  the  basis  or  terms  of  comparison. 

As  to  the  Quaternary  insects,  I  find  in  Europe  80  Coleoptera 
which  have  been  studied  with  more  or  less  care ;  of  these  13 
are  treated  as  extinct  and  67  identified  more  or  less  confidently 
with  existing  European  forms.  This  number  however,  it 
should  be  insisted  upon,  is  made  up  very  largely  of  remains 
from  peat  bogs,  which  are  relatively  very  recent.  In  our  own 
country,  48  species  of  pleistocene  Coleoptera  havB  been 
described,*  of  which  only  a  single  one  is  regarded  as  probably 
identical  with  an  existing  form,  three  are  specifically  inde- 
terminate and  44  are  extinct,  though  in  some  cases  intimately 
allied  to  forms  now  living.     I  add  a  list  of  these. 

^Inclading  fiye  species  from   Hadlej,  Mass.,   described  in   an  unpublished 
memoir. 
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It  should  be  noted  that  this  series,  in  contradistinction  from 
the  European,  does  not  include  ajiy  forms  from  the  peat, 
regarding  which  nothing  has  yet  been  published.  1  may 
however  add  that  I  have  studied  a  very  large  collection  of  pekt 
insects  from  Massachusetts  and  have  so  far  separated  over  60 
species  of  Coleoptera,  of  which  27  are  identified  with  existing 
forms,  10  are  probably  the  same  as  species  now  living,  and 
3nly  one,  a  Hydrocanthus,  is  certainly  different  from  anything 
Fet  known.  The  study  of  the  remainder  has  not  been  con- 
cluded. 

In  our  own  country,  then,  the  coleopterous  fauna  of  the 
peat  is  practically  identical  with  that  now  living;  while  that 
>f  deposits  further  removed  from  the  present,  but  laid  down 
mice  the  beginning  of  the  Glacial  Period,  is  practically  entirely 
extinct.  Wlien  the  early  Quaternary  Coleoptera  of  Europe 
bave  been  attentively  studied,  I  believe  that  the  same  concln- 
>ion  is  likely  to  be  drawn  from  them.  It  thus  appears  that  in 
this  country  the  Coleoptera  are  at  least  as  sensitive  standards 
)f  climatic  or  faunal  changes  as  are  the  Mammalia,  which  have 
hitherto  been  regarded  as  the  only  group  of  animals  any  con- 
siderable portion  of  which  have  become  extinct  in  quaternary 
imes;  and  that  they  are  more  sensitive  tests  than  other  groups 
)f  animals  or  than  plants. 

Having  for  these  reasons  selected  insects  as  the  best  subjects 
for  investigation,  I  have  further  restricted  myself  to  Coleoj)- 
:era,  as  the  order  which  has  been  longest  studied,  is  best  known, 
md  is  most  numerous  in  described  species,  the  greater  part  of 
«rhich  have  had  the  benefit  of  monographic  revision.  The 
nain  difliculty,  that  the  catalogues  give  no  indication  of  the 
geographical  distribution  of  the  different  species,  has  been  com- 
pletely removed  by  the  signal  kindness  of  my  friend  Mi*. 
Samuel  Henshaw,  who  has  liberallj'  allowed  me  the  freedom  of 
ais  manuscript  catalogue,  in  which  he  has  placed  against  each 
species  every  published  indication  of  special  locality  or  general 
i^nge,  besides  those  furnished  by  his  own  knowledge. 

The  following  table  gives  in  detail  for  each  family  of  Cole- 
)ptera  the  result  of  my  examination  of  Mr.  Henshaw's  cata- 
ogue,  and  includes  over  7500  species.  For  brevity,  I  have 
lesignated  the  drift-covered  area  of  the  east  as  D  ;  the  drift- 
ess  area  of  the  same  as  E ;  the  northern  portion  of  the  Pacific 
•egion  as  N ;  and  the  southern  as  S.  The  first  figure  in  each 
column  indicates  the  number  of  genera,  the  second  of  species. 
The  sign  >,  as  in  S1>N,  indicates  that  the  numbers  in  that 
iolamn  are  the  number  of  genera  found  in  S  and  not  occu)- 
ing  in  N,  and  the  number  of  species  in  those  same  genera 
jccurring  in  S.  The  sign  4-,  as  in  S-fN,  means  the  number 
tf  genera  common  to  both  S  and  N  and  the  number  of  species 
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of  those  genera  occarring  in  one  or  the  other  or  in  both  (which 
if  nsaaliv  fiiilv, twice  the  nnmber  of  species  oommon  to  both). 
AlthoD^    J>e6ide  my  immediate  purpose    I   have  added   the 
middle  act  of  three  columns  for  the  sake  of  comparisitn. 
TaNt  ttf  tif  rrgiotml  ditMbiUmi  of  Xorlh  Amerleaii  Coltopttra. 
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Here  it  will  be  eeen  that  in  the  northern  pereentace  of  Ixitli 
^nera  aud  species,  tlie  East  lags  a  little  behind  the  West,  hot 
ft  16  only  a  very  little,  and  it  ie  mnch  more  than  made  np  bv 
the  considerably  larger  percentage  iti  the  East  of  the  genera 
common  to  North  and  South. 

I  Lave  also  tabulated  the  ^pucicH  reported  as  found  wininon 
to  the  northern  and  sonthem  districts  on  each  side  of  the  con- 
tinent and  find  that  about  IB  per  cent  of  all  the  vresteni 
species  are  common  to  the  two  districts,  while  about  35  per 
cent  of  all  the  eastern  are  common  ta  the  drift-covered  and 
driftless  areas.  I  append  a  table  of  these  numbers.  One 
difference  lietween  this  table  and  the  previous  one  is  that  here 
the  common  species  form  tlie  base,  while  in  the  previouB  one 
the  common  geuerB  form  the  l>ase  ;  hence  a  genns  represented 
in  the  two  districts,  but  only  by  distinct  species,  does  not 
appear  in  this  table,  but  only  iu  the  previous  one.  Seven 
families  in  which  there  are  no  species  recorded  as  found  in 
two  regions  are  omitted  fmin  the  list. 

Tablt  of  the  apeeitii  eommiHi  to  pain  i^  r*yions. 
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These  figures  indicate,  it  seems  to  me,  that  on  the  whole  the 
ana  of  the  East  has  nearly  or  qnite  recovered  from  its 
forced  removal  from  the  northern  States  and  Canada  at  the 
ne  of  the  Glacial  Period,  and  that  vs^hatever  influence  the 
St  existence  of  a  Glacial  Period  may  now  exert  upon  the 
Btribution  of  animal  life  in  North  America  should  be  sought 
ily  in  minor  features,  such  as  the  remnants  of  boreal  faunas 
igering  in  favorable  spots  amid  temperate  surroundings,  and 
e  similar  features  induced  bv  the  latitudinal  trend  of  our 
eat  mountain  chains. 


Art.  XXVI.  —  The  Constitution   of  the  Zeolites  /    by 

F.   W.  Clarke. 

The  obvious  relationship  of  many  zeolites  to  the  feldspars 
IS  long  been  recognized  as  a  probable  key  to  their  constitu- 
on ;  and  yet,  so  far  as  I  am  aware,  no  systematic  theory  of 
le  connection  between  the  two  groups  has  been  put  forward, 
artial  work,  indeed,  has  been  done ;  as  by  Streng  in  his  study 
f  cbabazite,  and  by  Fresenius  in  his  interpretation  of  phillips- 
e  and  harmotome  ;  but  a  general  explanation  of  the  zeolites 
11  together  is  still  wanting.  Much  evidence,  however,  has 
ccumulated  with  reference  to  the  problem ;  such  as  that 
erived  from  the  practical  dehydration  of  the  minerals,  their 
nodes  of  decomposition  when  fused,  their  synthetic  formation, 
heir  changes  under  the  influence  of  reagents,  and  so  on  ;  and 
he  purpose  of  any  exhaustive  discussion  of  their  nature 
hould  be  to  bring  all  these  lines  of  testimony,  all  these  varied 
iata,  into  convergence.  No  system  of  constitutional  formulse 
-an  be  valid  unless  it  fulfils  these  conditions.  It  is  possible, 
>{  course,  to  seek  for  too  great  a  generality,  and  so  to  force  an 
apparent  harmon}^  where  real  relations  do  not  exist.  To  avoid 
^his  danger,  it  seems  necessary  to  admit  at  once  that  all  zeolites 
ire  not  of  feldspathic  origin  ;  some  few  are  compounds  of 
^inite  a  different  type  ;  but  most  of  the  members  of  the  group 
are  easily  represented  by  one  general  set  of  expressions,  whicn 
apply  to  the  feldspars  as  well. 

The  theory  of  tne  zeolites  which  is  developed  in  the  present 
paper,  is  a  direct  outgrowth  and  sequence  of  the  views  which 
f  liave  published  of  late  years  concerning  the  micas,  the 
*lilorites,  and  various  other  minerals,  and  it  is  based  upon  the 
ame  principles.  The  complex  or  apparently  complex  alumi- 
I0U6  silicates  are  regarded  as  generally  being  substitution 
erivatives  of  simple  normal  salts,  such  as  Al,(SiOJ„  Al^(Si308),, 
tc. ;  a  conception  which  brings  to  light  many  important  rela- 
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tions,  and  which  seems  to  be  fully  justifiable  from  all  points  of 
view.  The  acid  radicals  SiO^  and  Si,0,  are  also  regarded  as 
mutually  replaceable,  the  one  by  the  other;  a  belief  which 
may  now  be  looked  upon  as  fairly  well  established  by  the  evi- 
dence of  the  feldspar  and  scapolite  groups,  as  studied  br 
Tschermak,  and  of  the  mica  group  as  interpreted  by  myself. 
These  two  fundamental  conceptions  are  the  foundation  stones 
upon  which  I  have  tried  to  build. 

In  a  paper  upon  the  chemical  structure  of  the  natural  sili- 
cates,* the  substitution  theory  above  outlined  was  applied  to 
the  feldspars,  although  the  formute  were  not  written  out  in 
full.  Albite,  the  soda  compound,  AlNaSi.O,,  was  regarded  as 
a  first  substitution  derivative  of  the  unknown  salt  AlXSi.Oj),, 
and  anorthite  as  the  corresponding  orthosilicate  containing 
lime.  In  each  case  the  simplest  possible  formula  is  tripled, 
giving  the  subjoined  expressions  representing  the  two  feld- 
spathic  salts : 

/Si,0,     Na,  /SiO,     Al 

Al  -Si,0  -  Al  Al-SiO,  _^  Al 

\Si,0       Al  \SiO,=  Ca 

I 
Ca 

I 
/SiO,=  Ca 

Al-SiO,-   Al 

\SiO,      Al 

From  these  foriniihv  the  formulae  of  many  zeolite?  are 
ea.^ily  derived;  providing  we  assume  that  the  soda  salt  may  be 
replaced  hy  its  e(|uivalcnt  ortho-compound,  and  the  calcium 
salt  by  tlie  corresponding  trisilicate.  The  sodium  ortliosalt 
wonhl  be  isomeric  witli  nepheline ;  but  the  calcium  conipoauJ 
Containing  Si,(),  is  purely  hypothetical.  Upon  this  basi^,  i| 
we  temporarily  regard  all  water  in  the  zeolites  as  water  ot 
crystallization,  and  rej)resent  the  groups  SiO^  and  SijO,  bv  the 
ireneral  symbol  X,  the  <^reater  number  of  the  minerals  under 
consideration  fall  easily  into  two  groups,  having  the  followiiiiT 
generalized  formulae  : 

J    \  Al^X^ir,.,  n.  aq.,  -f 
/  AlXjH'^,  n.  'M\. 

For  the  Hrst  group,  witli  varying  amounts  of  water,  we  liav*-^ 
tliomsonito,  gisnioiidite,  edingtonite,  phillipsite,  harmotoiuc 
chal)azite,   levynite,   ginelinite,   hydronephclite,    and   offretitc- 

*  U.  S.  >MM.ln^irai  Survev.  liulledn  No.  60.  18S7-S8. 
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[n  the  second  group  we  find  foresite,  laumontite,  heulandite, 
spistilbite,  brewsterite,  scolecite,  stilbite,  faujasite,  and  natrolite. 
The  two  groups  remain  in  this  form,  however,  only  so  long  as 
we  ignore  water,  for  when  we  begin  to  regard  the  latter  as 
partly  constitutional,  several  members  of  the  first  series  must 
)e  transferred  to  the  second.  This  point  will  be  made  clear 
'arther  on.  The  species  above  named  may  be  individually 
onsidered  as  follows : 

Thorasonite, — Al,(SiO J.Ca, .  7H,0.  This  is  equivalent  to 
northite  plus  water,  and  according  to  Doelter  thomsonite 
ields  anorthite  upon  fusion.  Commonly  a  part  of  the  lime  is 
eplaced  by  soda,  either  one  or  two  atoms  being  so  replaceable, 
ometimes,  as  in  "  mesole,"  there  is  an  excess  of  silica,  which 
}  accounted  for  by  small  admixtures  of  trisilicate  molecules, 
r  Si.Og  groups.  The  dehydration  experiments  of  Damour, 
lersch,  etc.,  indicate  that  4  of  the  water  must  be  regarded  as 
onstitutional.  This  may  be  represented  as  bringing  about  a 
gplacement  of  Al  by  —  Al  =  (0H),4-H,.  Hence  the  final 
orinula  should  be  written 

Al,(SiOJ.Ca.(AlH.O,),H..  8H,0. 

Gismondite. — Uncertain,  but  probably  Ale(SiOJeCa.  12H,0, 
ritli  part  of  the  lime  replaced  by  potash,  and  perhaps  in  some 
ases  SijOg  replacing  SiO^.  It  is  stated  that  ^  of  the  water 
;oe8  off  at  100°,  if  the  remaining  eight  molecules  are  constitu- 
ional,  four  aluminum  atoms  would  be  replaced  by  4(A1H,0,) 
|-H„  giving  the  formula 

Al.(SiO  J.Ca,(  AlH.OJ,H, .  4H,0. 

Edingtonite. — Probably  Al^XjEa, .  12H,0,  with  X  about 
[SiO^  and  iSijO^.  Barium  partly  replaceable  by  other  bases. 
M[ode  of  hydration  undetermined.  According  to  Lemberg 
edingtonite,  or  a  compound  like  it,  is  artificially  derivable  from 
natrolite.  Although  edingtonite  has  the  same  total  number  of 
water  molecules  as  gismondite,  its  crystallization  is  totally  dif- 
ferent ;  so  that  the  ratio  of  crystalline  to  constitutional  water 
18  probably  not  the  same  for  the  two  species. 

Phmip»ite.—A],XfiaR\,  15H,0.  R'  may  be  either  Na  or 
K,  and  the  ratio  between  SiO^  and  Si,Og  is  quite  variable. 
Little,  if  any  of  the  water  can  be  regarded  as  constitutional. 

Harmotome. — Al.X^Ba, .  15H,0.  Ratio  of  SijO^  and  SiO, 
commonly  1:1.  A  little  Ba  replaced  ordinarily  by  H,  or  alka- 
lies. Recognized  generally  as  closely  analogous  to  phillipsite. 
ZevyniA?.— Al,X.Ca, .  15H,0.  Si'O, :  Si.O. : :  3  :  2.  Slight 
replacements  of  lime  by  alkalies.  About  ^  of  the  water 
appears  to  be  constitutional,  judging  from  Damour's  experi- 
ments. 


C'/ta6asite. — Kao^e^  from  Al.X.Ca, .  18H,0.  to  Al.S.Xa,, 
9E,0,  with  SiO, :  Si,0, : ;  1 : 1,  givii^  npparently  uieta^iliuU 
nrtioB.  On  fosion,  aceordiug  to  Doelter,  gives  eilica  arwi 
uiorthite.  In  the  lime  salt  four  molecules  of  water  and  in 
the  soda  salt  two  molecules  arc  In  be  considered  as  constitn- 
tioual ;  givinfT  the  ultimate  formulae 

AI.X,Ca.H,(AlH,0,),.  UH.O, 
A1,X,N8,H,(A1H,0,) .  tH,0 

Om-elinite. — Al.X.Na, .  9H,0,  or  like  the  non-calcic  chalts- 
zite;  but  with  SiO, :  Si.O, : :  1 :  2.  Two  molecules  of  water 
are  prohablj  constitutional. 

HydroneplieUle.— A], (SiO X^3,,R .  3H,0.  Cleariy  a  dfrira- 
tive  of  nepheline. 

Of'rttite. — The  analysis  by  Gonnard  agrees  sharply  wiUi  the 
fornitila — 

2AI,(Si,0.),K,  .eH,0  +  Al,{Si0J,C8H.8H,O. 

So  much  for  the  tirst  proiip  of  zeolites,  which  is  character- 
ized by  the  perfectly  uniform  ratio  of  Ai  :  X  =  6  :  6  or  3  :  a. 
accordingly  as  bivalent  or  univalent  bases  predominate  anioni; 
the  remaining  metallic  components.  The  »jcond  gronp  Tf 
sioiilarly  detined  by  the  ratio  Al  :  X  =  4  ;  6  or  2:3;  llie 
water  being  (lie  t-bicf  vurinble.  In  detail,  the  members  ai 
thia^roup  uti  us  fullowa  ;  ' 

J^«iM.— AI.(8iOJ.0aH.. .  HX). 

AVoZfio^t'.— Al,CSi0.1,Ca,n..2&,0.  According  to  Doelter. 
yields  anorthite  on  fusion.      Converted  into  natrolite  by  tlie 

Prolonged  action  of   soda  solutions,  according   to   Lemberg- 
OSes  about  ^  of  its  water  at  300°,  regaining  the  same  in  iiioifi 
air. 

Laumoniiie.  —  AI.X.Ca,H.  .  iH.O.  SiO. :  Si.O,  =  5:1- 
Yields  anorthite  and  a  pyroxenie  mineral  on  fusion.  Loses 
about  J  its  water  at  300°. 

//ew^ant^iYe.— Al.X.Ca,H, .  6H,0,  with  SiO. :  Si.O,  =  1 : 1  ■ 
According  to  Doelter,  yields  a  "  lime  augite  "  on  fusion,  with 
silica.  Tliis  observation  may  best  agree  with  the  metasilicarts 
formula  Al,Ca(SiO.>,H..  311,0,  both  formuiie  being  empiri- 
cally identical,  and  both  in  accord  with  the  behavior  o* 
heulandite  upon  dehydration. 

Brci'jsterih. — -Like  heulandite,  but  with  barium  and  strou  ■" 
tinm  replacing  lime. 

JSphtilblte. — Isomeric  with  heulandite,  but  with  the  wali'i' 
apparently  more  firmly  combined.  Perhaps  a  part  of  the  Al 
isreplacetiby  A1H,0,  +  H,. 

titilhite.—iW.XSi\\l, .  8H,0,  with  SiO.:  Si,0,  =  1:1.  On 
fusion,  behaves  like  heulandite,  butsometimes  yields  anorthite. 
The  variations  in  composition  are  probably  due  to  variations  iu 
the  ratio  between  the  ortho-  and  trisilicate  groups. 
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lufasits.  —  AI,X,Xa,CaH, .  15H,0.  SiO. :  Si.O.  =  2:1. 
asite  may  also  be  represented  as  a  salt  of  tbe  acid  H,Si,0„ 
the  formula  A].(ST,0,),CaiSa,H,..  12H,0.  As  the  mine- 
aes  not  platinize  when  decomposed  by  hydrochloric  acid, 
ly  not  belong  with  the  orthosilicates. 
itrolite. — Ai,(S!0,),Na,H..  Doubtfn!  as  regards  the  ehar- 
of  its  water.  Yields  nephetine  on  fusion,  the  latter 
ral  being  AI,(SiO.),Na„  with  occa«ional  replacements  of 
by  a  very  little  Si,<),. 

careful  scrutiny  of  the  foregoing  formulsa  will  show  that, 
r  as  our  present  data  go,  they  fulfill  all  the  conditions  laid 
I  at  the  beginning  of  this  article.  They  agree  with  the 
shed  analyses,  and  account  fully  for  their  variations,  and 
pe  they  correspond  to  the  two  feldspathic  molecules  of 
li  the  configurations  have  been  given.  They  diflEer  chiefly 
respect  to  hydration,  and  these  differences  are  now  intel- 
e.  Furthermore,  several  of  the  species  yield  anorthite 
1  fused,  which  connects  the  formulfe  given  with  the  types 
Jed,  and  also  with  the  probable  genesis  of  zeolites  from 
pars.  Their  deficiencies  correspond  to  deficiencies  in 
ince,  and  they  suggest  the  lines  of  investigation  by  which 
may  be  finally  established  or  discarded.  If  the  formalie 
1  more  than  to  perform  the  last  named  function,  they  have 
ue  which  entitles  them  to  consideration.  Neglecting  the 
iction  between  crystalline  and  constitutional  water,  and 
ting  for  sake  of  brevity  the  few  barium-strontium  salts, 
lorma)  zeolites,  if  I  may  call  them  so,  can  be  tabulated  as 
ws: 

Mrsl  Group. 
Thomsonite  ....  AI,(SiO,),(CaNa,),.     7H,0 

GismoDdite AI,(SiO.),(CaK,) .     12H,0 

Pbillipsiie A!,X.CaK',.     I5H,0. 

Levynite Al,X,Ca,.     15  H,0 

Chabazite.  A...   Al.X.Ca,.     13H,0 
B...  Al.X.Na.-     9H,0 

Gmelinite AI.X.Na,.     1iH,0 

Hydronepheliie .  AI,(SiO.),Na,H.     SH.O 
Offretite A1,X,R',.     SlI.O 

Second  Group . 

Foresite AI.(SiO,)„CaII        H.O 

Scolecile   Al.(SiO,)  Ca.lL     2H,0 

Laumontite Al,X„Ca^H,.     411,0 

Heulandite A1,X„CXH..     6H,0 

Epistilbite A!.X,Ca,Il,.     aH,0 

Stilbite Al.X.Ca,  H..     8H,0 

FftujaBite AlX.Na.Call,.     I5H,0 

Natrolite Al.(SiO.).Na,H. 


idered.  tondiw  1 
eomtiootiw  of  i  ' 


192  F.  r.  CUHt»—OMutiMiM  ^Um 

Tbere  still  remain  aerad  tatlBtm  to  be  eonaidered. 
with  eocae  allied  minenk,  wUek  bmoi  to  be  eoinpoon£  of  i 
diffennl  tj^  Cram  tbcMe  ivpranDtcd  b  the  preceding  uMc. 
Two  of  tliece  mditaK,  ptiloGie  »nd  morrlcaiU:.  I  bare  alreidT 
disciuaed  in  a  fona«r  paper  ;*  and  anotber.  tbe  more  mentli' 
diacnvend   laabanite,  appcus   ta  be  rebted    to   tbein.     Ia 

giloljte  aod  mordonita  v«  bare  aahi  of  the  bibaaie  acid, 
^i,0^wbile  knbasite  n  a  OMlafflieste  of  pracbel;  ^'milv 
tTpc  Tbe  tvD  first  named  muienk  abade  into  eacb'otber  ii 
mixtniee  of  oevtain  faadasMOital  altB,  vblle  laabanite  is  dl* 
tinct.    The  formalaartaafollom: 


0H.O 


Tbe  reUHoiLBhip  i&  xt  (-rideot  tbat  it  needs  uo  farther  explana- 
tion. I^nlNUiite  can  be  so  vritten  as  lo  thmw  it  into  tbe 
normal  tcnce:  bot  tfai<  conMitoliua  u  eert«iolv  preferable. 

Auatdte,  anoCber  avolite,  mav  be  wriltai  d,Ha,AI^„  with 
J  of  X  =  Si,f t^  Tbis  wonld  bnng  the  ininenil  into  the  second 
ffronj)  of  normal  zeolitt-^  and  into  rloee  reltttiuni^hip  wilb 
DatiT>lite.  Analcite,  however,  b  ifomotric,  like  tbe  aniiTdroas 
leociie ;  and  Lemberj;  has  sfaovn  tliat  hj  the  prolonged 'sction 
of  alkaline  solnrioas  analcite  and  leacite  are  mntuatlF  cou- 
vertible  the  one  into  the  other.  Hence,  ibe  two  species  eboDld 
be  regarded  tn  closely  akin,  and  of  iimilar  trpe,  and  their 
simplest  fonnnlie  are  as  follovs : 

.,^S»,  Al-'*''''  J.  HO 

■*'\SiO,-K  *'\SiO,-K.  *^'° 

Both  minerals,  however,  occur  altered  into  feldsptars ;  and  i* 
is  ail  open  question  whether  their  formnlte  shonld  not  b^ 
pohmers  of  tlio^e  given  above,  in  order  tliat  tbe  alterabilitV 
may  become  interpretable.  The  same  question  ariseE  with 
spodumene.  a  com[>ouiid  of  similar  formula,  which  splits  up 
easily  into  ;ilbite  and  eucrj-ptite.  These  points  I  shall  con- 
sider elsewliere. 

Three  other  minerals,  which  are  sometimes  classed  as  zeolites, 

bnt  which  contain  do  aluininnm,  are  okenite,   gyrolite,  and 

apopbvllite.      These   species    are    undoubtedly    related ;    for 

*  This  Journal,  August,  IftSL 
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pophjllite  may  be  generated  artificially  from  okenite,  and 
yrolite  occurs  in  nature  both  as  the  parent  and  as  a  derivative 
F  apophyllite.  At  New  Almaden,  apophyllite  is  the  second- 
•y  mineral;  while  in  Nova  Scotia  gyrolite  appears  to  be 
)rmed  by  its  alteration.  All  three  species,  considered  as 
lalogous  in  structure,  are  most  simply  represented  as  salts 
f  the  acid  H^Si^O,,  and  on  this  supposition  they  receive  the 
>lIowing  formute: 

Okenite.  Gyrolite.  Apophyllite. 

^^^Si,0, .  H,         Q^/^\0, .  CaH.     Ca/^*«^' '  ^.(CaOH ) 
li.O, .  CaH.  >Si„0, .  H,  Nsi.O, .  H. 


^'^\Si,0, .  H,        ^^\Si,0, .  CaH,    ^^\Si,0, .  H,(CaOH) 

In  apophyllite,  the  univalent —Ca— OH  is  partly  replaced 
y  potassium,  and  the  hydroxyl  is  often  substituted  by  fluorine, 
'^lie  somewhat  uncertain  plombierite  may  also  be  represented 
5  a  member  of  the  same  group,  having  the  formula  Ca^(Si207), 
:a,H,.9H,0. 

Since  the  object  of  this  paper  is*  merely  to  give  a  prelimi- 
ary  statement  of  the  conclusions  which  I  have  reached,  I  have 
ot  thought  it  necessary  to  load  down  its  pages  with  references 
3  literature  or  with  discussions  of  analyses.  A  large  mass  of 
ata  has  been  examined,  and  it  is  my  intention  to  elaborate  the 
abject  to  a  considerable  extent  within  the  near  future.  When 
hat  is  done  the  evidence  will  be  presented  with  sufficient 
nlness. 

U.  S.  Geol.  Survey,  Washington,  June  20,  1894. 


^RT.  XXVII. — On  IIemimo7^j)/nc   Wulfeiiite  Crystals  from 
New  Mexico;  by  Charles  A.  Ingersoll. 

The  crystals  that  will  be  described  in  this  communication 
n'ere  found  by  Mr.  William  E.  Hidden*  at  the  Turquoise 
nines  in  the  Jarilla  Mountains,  Doiia  Ana  County,  New 
If exico,  and  were  sent  to  Professor  S.  L.  Penfield  in  the  fall  of 
892.  They  were  implanted  upon  a  brown  siliceous  gangue  and 
?ere  described  by  Mr.  Hidden  as  occurring  in  seams  in  trachyte, 
ssociated  with  quartz,  pyrite,  chalcopyrite,  malachite,  gypsum, 
arosite  and  kaolin.  They  were  said  to  be  of  quite  rare  occur- 
ence, only  a  very  few  having  thus  far  been  found,  and  are  of 
special  interest  on  account  of  their  peculiar  hemimorphic  and 
yramidally  hemihedral  development. 

♦This  Journal,  III,  xlvi,  p.  401,  1893. 
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^aita  CrjftiaU. 


Tlicw  rrrsuls  wenj  i^mall.  moasartng  from  one  to  Ivo 
milUmetere  in  dismeter.  trtiite  io  color,  snbtransparent,  and 
of*  decided  MUmantine  lusier.  Etefuru  nttompting  to  measan 
anr  iif  them  a  eafrfnl  blotrpipc  cxaniinailon  was  made,  uai 
Ihc  mineral  mu  found  to  be  Wolfenite.  Three  crjstaU  wen 
wlrcted  as  beet  reiveiMiUnj;  the  different  liabiCs  of  the  min- 
eml.  and  one  of  Ou*t  (fig.  1)  wm  chiHcn  for  crvstdlogrspliic 
mcasarement.      This  vas  <juite  perfect,  proramentlj  henii- 


Riomhic  in  derelopinent,  and  more  Iii^hlv  modified  thnn  anj 
of  ttie  others.  Its  faces  yielded  reinarsablj  distinct  rejec- 
tions of  the  goniometer  Eignal,  tha£  fiiniiahiue  very  accurate 
iDcnsnrements  of  thu  interfaciai  anf^les.     The  to 


■ved.    together   witli  thoir   heniim 
6  follows : 


that  were 
■phic  occurrence,  are 


,  001,  0    above  and  below. 
,  111,  1         •'       "        " 
,  102,  4-»      "      "        " 


e,  101,  1-t*  above  and  below. 

p,  2fll,  9-t  below  only. 

X,  313,  tJ  above  and  below. 


Of  the  above  forms  ^  and  ;r  were  here  obBerved  for  the  firs*^ 
time ;  moreover,  they   were  found  only  on   a  single   crvsta"* 

(ti-.  1). 

Tiie  liemimorphic  character  of  the  mineral  is  shown  ir»- 
the  occurrence  of  the  p  face,  only  in  the  lower  portion  oC 
tlic  crvstal.  as  well  as  in  the  relative  development  of  the  other" 
faces.  The  form  -■:  is  present  in  the  npper  portion  as  a  very^ 
narrow  f;ice,  wliile  below  it  is  quite  well  developed.  On  ;iH 
the  crystals  the  lower  c  face  is  the  larger,  while  the  upper  o«£^ 
is  sometimes  wanting  (fig.  3).  The  development  of  the  forin:^' 
n  and  ('  on  some  ot  the  crystals  is  very  remarkable  (figs.  2  aii(3 
3).  A  hemimorphic  habit,  similar  to  fig.  3,  has  already  beer» 
observed  by  Brcitliaupt*  on  crystals  from  Berggieshiibel  ir» 
Saxony,  which  are  described  by  him  as  being  beantifnlly^ 
white,  with  adamantine  luster. 

"Hnndbiich  der  Mineralogie,  II,  p.  27 J.  1841. 
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The  pyramidal  hemihedrism  is  shown  by  a  series  of  stria- 
ons,  resulting •  from  an  oscillatory  combination  of  n  with  one 
f  the  adjacent  e  faces.  This  is  found  on  all  the  crystals  to 
le  right  of  n  only.  Moreover,  the  form  tt  is  found  only  to  the 
ghtof  e.  This  development  of  hemihedrism  in  the  pyra- 
iidal  forms  of  Wulfenite  is  particularly  interesting,  since  it 
Eis,  hitherto,  been  observed  chiefly  in  the  prismatic  zone. 

The  calculated  angles  in  the  following  table  were  obtained 
'oin  the  fundamental  measurement  of  Dauber,*  W/vW,  lll/\ 
II  =131**  42',  from  which  the  length  of  the  vertical  axis, 
=  1*5771,  is  obtained. 


e  /v7i, 

TV  /^Tty 


lly^lll 
01 A 101 
Ol/vlll 
02/vl02 
01/vl02 
01/^201 
Ol/^20l 
01/^313 
ll/^313 
313/s3l3 
313/^313 


Measured. 
80°   26' 


Calculated. 
80**  22' 


115 
40 
76 
19 

144 
14 
15 
24 

117 
62 


16 
12 
20 
20 
31 
42 
42 
30 
66 
8 


115 
40 
76 
19 

144 
14 
15 
24 

117 
62 


15 
11 
31 
22 
50 
47 
43 
28 
66 
4 


In  the  above  table  the  measured  angles  have  been  taken  as 
be  mean  of  four  readings.  No  accurate  measurements  could 
e  made  on  c,  owing  to  its  vicinal  development.  The  occur- 
ence of  the  new  forms  p  and  t:  is  proved  not  only  from 
he  above  measurements  but  from  their  positions  in  the  correct 
ones. 

It  is  probable  that  the  isomorphous  minerals,  scheelite, 
>owellite  and  stolzite  are  also  hemimorphic ;  but  as  yet  no  forms 
lave  been  observed  which  indicate  this. 

In  conclusion  the  author  wishes  to  express  his  thanks  to 
Professor  Pentield  for  assistance  rendered  auring  the  course  of 
this  investigation. 

Laboratory  of  Mineralogy  and  Petrography, 

Sheffield  Scientific  School,  April,  1894. 

♦  Pogg.  Ann.,  evil,  p.  267,  1859. 
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Art.   XXYUl.— Notes  on  the  Tertiary  and  later  History  af  i 
the  Island  of  Cuba  ;  by  Robert  T.  Hill.* 

This  paper  is  an  abstract  of  a  more  extensive  manuscript 
report  made  to  Prof.  Alexander  Agassiz  and  is  based  upon  n 
reconnoissance  of  most  of  the  Island  of  Cuba,  with  the  es- 
ccptiou  of  the  nionntainoas  region  of  the  Sierra  Maestra  the 
geolocy  of  which  has  been  partial!}'  presented  by  Kimball  in 
this  Journal,!  and  studied  eontemporaneonsly  with  the  writer's 
observations  by  Prof,  Clarence  Kin_£r.  My  reconnoissauce  was 
accompanied  by  critical  studies  of  certain  typical  localities  at 
Havana,  Matanzas,  Villa  Clara,  Gibara,  Baracoa  and  the  vicin- 
ity of  Cape  Mayci, 

The  stratigraphy,  age,  and  general  relatione  of  the  rocks  of 
Cuba  have  been  set  foi-th  by  De  Castro, i  and  tjalterain^  to- 
gether with  a  good  geologic  map. 

It  is  not  necessary  in  this  paper  to  dwell  upon  the  details 
already  presented.  The  geological  strnctnre  of  the  Island  con- 
sists of  four  atratigraphic  units,  to  wit :  (1)  The  Pre-Tertiary, 
Metamorphic  and  Igneous  Ponndation  ;  (3)  The  Pre  Tertiary 
sedimentaries,  mostly  of  Cretaceous  ap^;  (3)  The  Tertiary 
limestones;  and,  (4)  The  modern  elevated  coral  reefs. 

1.  The  Metamorphic  and  Igneous  Foundation.  The  con- 
temporary invoiitigations  of  rr'if.  Xiiig  in  the  Sierni  Maestra 
will  no  doubt  throw  more  light  upon  these  formations  than  I 
can  give. 

These  older  rocks  consist  of  diorites,  serpentines,  schists  and 
granites  as  reported  by  Kimball  from  Santiago;  of  serpen- 
tines, green  stone,  porphyry  and  basic  igneous  rocks,  fragments 
of  which  are  brought  down  by  the  rivers  of  the  north  side  of 
the  east  end  of  the  Island;  of  serpentine  aud  metamorphic 
rocks,  with  little  quartz,  as  seen  underneath  the  limestone  in 
the  vicinity  of  Villa  Clara;  and  of  serpentine,  old  volcanic 
material  and  tuffs,  as  seen  back  of  Havana.  They  are  exposed 
by  erosion  at  various  points  throughout  the  island,  but,  with 
the  exception  of  the  Santiago  region,  seldom  if  ever,  form  the 
rocks  of  the  immediate  coast,     Tliey  now  underlie  nearly  every 

•By  pprmisHLon  of  Prof.  Aleinuder  Agassiz  through  whose  generosily  the 
obaervntions  set  forth  in  thia  paper  were  made  possible, 

f  Lieoloi^cal  Kotutioiis  and  Genesis  of  the  Speculnr  Itod  Ores  of  Saotiago  de 
Cuba.    This  .lournal.  Dec,  1884. 

%  Prvicbas  Paleontologii'as  dc  que  la  Isla  de  Cuba  ha  Estado  Unida  a1  Coati- 
Lcole  Americano  y  brete  idea  ds  su  Constitucioo  Geologiea,  por  Don  Manuel 
Fernandts  de  i:aatro.  Discurso  pronunciudo  en  el  cuarto  Coiigreao  iatcniacional 
de  Attiericaolstas  celebrado  en  Madrid  en  SetiemVire  de  isal. 

§  ApiiDtes  para  una  Description  Kisico-geologicn  de  las  Jurisdlecionex  de  la 
Hatuna  y  Guanabaooa,  etc;  por  D.  Pedro  Salt«rain  y  Legarra,  elc.,  Madrid,  1890. 
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part  of  the  island  at  no  great  depth,  and  are  exposed  near  both 
coasts  in  many  cots  beneath  the  limestones.  From  their  com- 
position and  occurrence  there  can  be  little  doabt  that  they 
once  formed  an  ancient  land  area  almost  as  large  as  the  present 
island  which  became  abnost  or  completely  submerged  daring 
early  Tertiary  time.  Wherever  I  have  seen  these  rocks,  at 
Villa  Clara,  Havana  and  near  Baracoa,  they  have  once  been 
covered  by  the  Tertiary  limestones,  bat  I  cannot  speak  with 
certainty  concerning  the  province  of  Santiago  de  Cuba,  where, 
according  to  Kimball,*  traces  of  limestone  are  preserved  as 
high  as  2,300  feet  on  the  south  side.  On  the  north  side,  oppo- 
site Santiago,  they  are  certainly  overlapped  far  interiorward 
by  the  limestones. 

Igneous  rocks  are  rarely  intrusive  through  the  Tertiary 
limestone,  no  late  igneous  rocks  having  been  seen  by  me  ex- 
cept one  small  dike  which  intrudes  into  the  folded  Tertiary  lime- 
stone near  the  water-works  back  of  Havana.  The  presence  of 
eruptivesf  and  of  sediments  older  than  Tertiary,  reported  by 
DeCastro:!:  and  seen  by  me  at  a  few  points,  and  the  uncon- 
formities testify  that  in  pre-Tertiary  time  the  old  metamorphic 
floor  protruded  above  the  level  of  the  sea  as  a  land  area,  form- 
ing a  nucleal  region  around  and  upon  which  the  later  forma- 
tions were  accumulated. 

T fie  pre-Tertiary  aedimentaries, — Kesting  upon  this  meta- 
morphic and  igneous  foundation  at  various  places,  there  is  a 
formation  of  stratified,  non-fossiliferous  sedimentary  clays. 
These  are  older  than  the  Tertiary  limestone,  but  apparently 
immediately  preceded  them  in  origin.  They  have  not  ^reat 
thickness  and  are  without  determinable  fossils  wherever  I  have 
observed  them.  In  the  Havana  section  a  few  feet  only  are 
exposed  beneath  the  old  limestone  in  contact  with  the  under- 
lying taffs.  They  are  here  green  in  color  and  somewhat 
unctuous. 

In  traveling  overland  eastward  toward  Villa  Clara,  the  lime- 
stones extend  to  beyond  Colon ;  but  between  that  place  and 
San  Pedro  they  are  eroded  through  down  to  the  underlying 
clay  formation  which  extends  from  there  continuously  east- 
ward to  Villa  Clara,  being  best  exposed  in  the  railway  cut  at 
Esperanza.  Here  the  railway  has  cut  across  a  low  anticline  of 
days  which  show  well-defined  stratification  and  alternate  strata 
of  softer  and  harder  beds.  These  clays  are  folded  and  slightly 
faulted  in  places. 

♦This  Joumal,  Dec.,  1884. 

t  The  word  eruptive  is  herein  used  in  the  restricted  sense  of  igneous  material 
which  has  protruded  to  the  surface. 
tOp.dt. 


"itir'^  if.  T.  im—TeHiary  dndtater 

1  vonid  find  Qo  fossil  remaiDs  except  onu  poorly  pr^erved 
pUiit  impression,  a  monocotyledon,  wbicb.  with  the  ^nenl 
character  of  the  material  gave  the  impression  that  these  clan 
were  deposited  when  the  conditions  of  sedimentatioii  were  nr 
different  from  those  of  the  present.  I  cannot  say  positirelf 
that  the  Esperanza  clays  are  identical  with  the  clays  at  Havana, , 
hut  they  both  occupy  the  same  relative  position  between  tbs.' 
limcBtones  and  the  metamurpbic  formation,  and  are  both  es- 
posetl  by  the  erosion  of  tho  ovL'rlyine;  limestone.  De  Castro 
refers  the  clays  of  K«[icranx:)  to  tfie  Cretaeeons  period :  upon 
what  ground  except  stratit^raphio  position,  I  cannot  say.  He 
reports  other  Mesozoic  eedimentaries  at  botli  ends  of  the  Island 
together  with  Ammonitt's  und  Itadiolites  wbicb  wonld  clearly 
indicate  liie  oociirrenue  of  Crel^cvoiu  deposits  in  Cnba,  but  I 
had  not  time  to  atndy  these. 

The  White  Limestonii  J'ormatwnn. — In  strong  contrast  with 
the  Espuranz*  clave  and  the  older  mctamorphic  floor  are  the 
Tertiary  and  later  limestones  which  cover  thum.  and  which  are 
the  predominant  fjeolot^ic  feature  of  Cuba. 

Tlie  study  and  classification  of  the  limestone  group  is  difli- 
cult  owing  to  the  folding,  induration,  erosion,  the  tbiek  cover 
ing,  Jti  places,  of  Mil  uud  vegetation,  the  nuiversal  alteration 
they  have  undei^one  through  solution  and  internal  changes, 
and  the  general  oonoeatment  by  tiifaoeons  inorufttations  of  well 
defined  stratification  pianos  and  partings.  They  are  clearlj 
divisible  into  two  general  groups — the  older  and  the  newer, 
The  latter  consist  mostly  of  unfolded  rocks  of  undoubted 
coral-reef  ongin,  and  occnr  on  the  lower  levels  adjacent  to  tlifl 
coast,  while  the  former,  if  of  coral-reef  origin,  have  lost  all 
characteristic  proof  of  snch  origin,  are  undulated  and  folded 
and  constitute  the  uplands  and  high  coastal  scarps  against  and 
around  which  the  later  coral  rock  was  dejwsited. 

The  Older  Limestones. — The  more  ancient  limestones  and 
accompanying  beds  constitute  all  the  limestones  of  the  hland 
seen  by  me  above  an  altitude  of  ICH)  feet.  They  are  very 
diverse  in  texture  and  composition.  Where  good  expoanro 
are  obtainable  they  usually  exhibit  well  defined  stratitieation 
and  separation  planes,  never  seen  in  the  undoubted  reef  roefci 
sometimes  alternating  with  more  marly  or  very  sligbtly  arent 
ceouB  layers.  While  it  is  in  general  cellnlar,  a  cubic  foot  of  it 
in  any  locality  exhibits  great  irregularity  in  hardness  and  com- 
pactrjess.  There  are  spots  so  hard  and  crystalline  that  it  is 
difficult  to  break  them  with  a  hammer ;  other  portions  are 
firmly  crystalline  and  banded  ;  while  again  there  are  soft, 
pulverulent  layers.  All  of  this  difference  in  structure  is  of 
secondary  origin,  the  result  of  alteration.  In  some  places  tbe 
cellular  cavities  are  many  feet  deep,  often  extensively  cavera- 
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ons,  while  the  remaining  thin  partitions  are  indurated  into 
sharp  edges  of  coarsely  crystalline  marble — a  surface  indura- 
tion which  I  have  also  often  noticed  in  the  chalky  Cretaceous 
limestones  of  Texas. 

On  the  resisting  summit  points  the  rock  is  hardened  and 
worn  into  Karrenfelder,  while  the  steeper  bluffs  are  thickly 
coated  with  tufaceous  deposits.  Great  caverns  abound  in 
these  rocks  in  many  parts  of  the  island.  So  completely  has 
the  work  of  solution  and  interstitial  change  gone  on  that  the 
original  nature  of  the  rock  is  nowhere  well  preserved.  It 
nowhere  exhibits  the  enormous  proportions  or  abundance  of 
coral  remains  so  apparent  in  the  reef  rock,  but  on  the  other 
hand  there  is  an  abundance  of  casts  and  moulds  of  molluscan 
shells,  and  I  seriously  doubt  if  it  was  originally  a  reef  rock,  as 
has  been  alleged. 

I  do  not  think  the  occasional  traces  of  coral  proves  reef 
rock  origin,  for  all  corals  are  not  reef  building  and  the  mol- 
luscan remains  are  far  more  abundant  than  those  of  corals. 
Neither  can  they  be  called  chalks,  although  very  foraminifer- 
ous  in  places,  for  they  are  too  coai'sely  crystalline,  and  lack 
that  fineness  and  uniformity  of  texture  seen  in  the  chalky 
limestones  which  I  have  had  considerable  experience  in  study- 
ing. In  places  at  their  basal  contact  they  are  certainly  detrital, 
showing  at  the  reservoir  south  of  Havana,  where  they  are  in 
contact  with  the  older  series  of  clays  and  serpentines,  a  dis- 
tinct conglomeritic  structure,  largely  composed  of  shell  frag- 
ments and  beach  wash.  Near  Villa  Clara  they  contain  very 
small  fragments  of  igneous  material  derived  from  the  older 
rocks  which  they  buried.  The  limestones  also  contain  alterna- 
tions of  other  material  which  is  clearly  not  of  reef  rock  origin, 
such  as  the  great  beds  of  fine,  siliceous  and  argillaceous  mate- 
rial as  noted  at  Matanzas  and  seen  from  thence  east  to  £aracoa, 
forming  thick  strata  of  yellow  material,  containing,  at  least  at 
Baracoa,  Miocene  mollusca.  These  slightly  arenaceous  yellow 
beds  outcrop  at  Nuevitas,  Gibara  and  many  other  places  along 
the  coast,  and  are  included  between  thicker  strata  of  limestone, 
and  I  think  they  are  underlain  by  several  hundred  feet  of  the 
latter  material,  and  belong  above  the  limestone  capping  Junki 
and  the  Yumuri  bluffs.  These  yellow  beds  underlie  the  Sebo- 
ruco  reef  at  Baracoa,  and  are  capped  by  a  thick  stratum  of  old 
limestone  back  of  the  city ;  the  harbor  is  largely  formed  by 
their  undermining;  tbey  are  also  well  developed  beneath  the 
old  reef  points  of  Mata  Bay. 

A  peculiar  rock  material  in  the  old  limestone  series  at  Bara- 
coa and  not  seen  elsewhere  is  a  hill  of  almost  vertically  strati- 
fied siliceous  material,  which  at  first  sight  resembles  gray 
chalk,  but  has  the  light  specific  gravity  of  some  of  the  diato- 
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«  earths^  rnder  the  roicnwcope  ihi*  infttirial  is  ftxitnl 
to  be  lirgeir  ei»mtK*rtI  of  eilic^ms  retnaint  of  ininnte  R«dio- 
huune.  It  H  aUlinc-tlv  strnlitied.  and  t^oolaing  occasional 
thin  lij-cr«  of  a  gnv  Wu<*  cIhv.  and  wme  eocoiKiarj  flint,  in 
llw  form  of  DCNJalc*.  It  lia&  cleariv  undfiyone  great  dig- 
teitwncv,  «*  ebown  by  the  rertical  arran^iiicnt  or  Its  bed*, 
and  apjiarentlr  ItM  boltiw  thu  ;rul)ov  l>eds,  which  are  Miocene. 
The  reservoir  for  the  village  water  worke  U  located  upon  the 
single  hill  where  it  ODtrrop«  on  the  soathwest  eide  of  tlie  har- 
bor. Thu  beds  are  over  MMi  feet  in  ihicknos^:  ;iiid  I  lliiiik 
they  ovoriie  Iho  oldcct  of  the  limet'tone^.  bnt  could  not  a««^ 
tain  tlii?  with  ecnaintr.  Neither  this  material  nor  the  tpIIow 
beds  which  t(^th<>r'eoit6titnt«  al  least  50')  fwt  of  the  Tcr- 
tiafj  tcries.  can  he  claasilied  as  of  coral-reef  origin. 

In  luanv  places  the  Tertiarr  heds  are  didtinctlT  stratified,  a-i 
seen  in  the  Castillo  Principe  plateau  west  of  J^avans,  where 
theyoontain  alternatioits  of  rtratitied  argilluct-ons  laTent.  Like- 
wise at  JUalanzas,  the  older  )im«st4>nc»  exhibit  every  chamcter 
of  tedimftttarg  deponition  with  molInMan  reniuing,  rather 
than  of  coral  reef  growth.  At  Baracoa.  N^nevitas  and  elee- 
where  on  the  woet  coast  the  limestones  are  not  only  strati- 
fied, but  they  alternate  with  Miocene  ar^rilliieoons  and  arenace- 
ODS  bed«  of  a  yellow  material,  containing  great  nnmhers  of 
mollne^^n  foasile.  In  ^t,  I  do  not  heticve  that  any  of  the  Ter- 
tiary linies^Ione*  are  of  reef  rock  orisin,  hut  thev  are  mostly 
organic  mi.i  <.-tn-rnicilly  ,ioriveii  in^trinf  sediments  niixed  witli 
the  calcareous  debrie  of  the  life  uf  the  ocean's  elopee,  and 
rarely  with  an  almost  imperceptible  proiwrtion  of  tne  finer 
detrital  sediments  of  the  local  land. 

While  these  limestones  and  alternating  beds  have  a  great 
areal  extent  it  would  be  a  mistake  to  assign  to  them  a  propor- 
tionate thickness  ;  accurate  measnrements  will  not  make  their' 
thickness  anywhere  greater  than  1000  feet,     I  estimated  from- 
the  dips  in  t^e  Rio  Armendaris  section  that  it  was  there  from. 
80i>  to  1000  feet ;  the  incomplete  section  in  the  cafion  of  th^ 
Ynmnri  of  Matanzas  reveals  800  feet;  the  caRon  of  the  Tn — - 
miiri  of  IJaracoa  shows  iiOO  feet;    the  summit  of  Juiiki  dis- 
plays less  thati  1000  feet;  while  the  section  from  14  kilome — - 
ters  south   of  Havana  to  Batabano  is  not  over  1000  feet.     In 
fact,  those  limestones  may  he  said  toconstitnte  a  comparatively 
thin  veneering  over  the  old  metamorphic  floor. 

The  old  limestone  formations  occnr  from  end  to  end  of  the== 
isliind  and  extend  in  many  places  completely  across  it  down  to«^ 
the  water  level.  Their  continuity  is  interrupted  only  by  ero-^ 
Bion  in  spots  along  the  central  region.  Only  the  low  coast 
adjaoL-nt  to  the  sea  level  is  covered  by  later  deposits.  De^ 
Castro's  geologic  map  of  Cuba  has,  in   an  excellent  manner,M> 
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shown  the  general  disposition  of  the  old  limestones.  In 
places  as  between  Mata  and  Yamuri  they  form  the  north  wall 
of  the  coast.  They  cap  the  higliest  eminences  of  the  island 
seen  by  me,  overlooking  all  other  rocks,  being  alone  over- 
reached in  altitude  by  the  Sierra  Maestra.  Their  close  prox- 
imity to  the  north  coast  and  their  abrupt  protuberance  above 
the  newer  formations  has  an  important  bearing  on  the  history 
of  the  island  as  a  whole.  So  extensive  is  this  old  limestone 
formation  and  so  abruptly  does  it  rise  above  the  coast,  that  if 
all  the  coastal  formations  were  stripped  away  or  if  the  island 
should  subside  for  100  feet  its  superficial  extent  would  hardly 
be  perceptibly  diminished,  or  its  outline  materially  altered. 

The  greater  part  of  these  limestones  examined  by  me  are, 
as  stated  by  Salterain  and  De  Castro,  of  Eocene,  Miocene,  and 
Pliocene  age.  In  the  Armendaris  section  near  Havana,  they  in- 
clude both  Eocene  and  Miocene  as  has  been  asserted  by  De 
Castro  and  others,  and  as  shown  l)y  my  collections.  At  Baracoa 
the  upper  layers  are  Miocene.  De  Castro,  La  Sagra  and  others 
have  recognized  the  Tertiary  age  of  these  limestones  and  their 
distinctness  from  the  modern  reef  rock. 

J'he  Post-Tertiary  Folding, — The  chief  feature  which  sepa- 
rates  the   older  limestone   into  a   distinct   system  from    the 
modern  reef  rock  is  the  stratigraphic  unconformity  between 
them,  and  the  fact  that  the  former  have  undergone  great  fold- 
ing and  disturbance  prior  to  the   deposition    of   the   latter, 
'^hich  are  always  sub  horizontal.     In  no  locality  have  I  seen 
the  newer  reef  rock  folded  or  seriously  pitched,  but  the  older 
limestone  is  frequently  tilted  at  an  angle  of  45°  or  even  verti- 
cally as  at  Baracoa,  and  sometimes  folded  into  anticlines  as 
back  of  Havana ;  it  presents  every  degree  of  folding  and  dis- 
turbance in  the  numerous  railway  cuts  between  Havana  and 
^atanzas,  at  Villa  Clara,  Yumuri  and  elsewhere.     In  fact  it  is 
seldom  if  ever  sub-horizontal  on  the  north  coast,  and  the  later 
deposits  are  entirely  unconformable  with  it.     The  general  lay 
of  the  old  limestone  is  that  of  a  low  anticlinal  whose  axis  cor- 
r^ponds  with  that  of  the  island,  accompanied  by  folds  more 
greatly  developed  along  the  north  coast.     This  folding  clearly 
took  place  at  or  soon  after  the  close  of  Tertiary  time,  and  prior 
to  the  deposition  of  the  Post-Tertiary  formations  and  eleva- 
tions to  be  described,  and  indicates  one  of  the  most  important 
epochs  in  the  geological  history  of  Cuba,   representing  as  it 
does  an  orogenic  disturbance  not  observed  in  continentalNorth 
American  liistory.     There  is  evidence  at  Havana  that  there 
''^aBsome  eruptive  action  at  this  epoch,  dykes  having  been  seen 
there  which  protruded  through  the  Tertiary. 

The  Seboruco  or  Elevated  Coral  Reefs, — In  strong  contrast 
^ith  the  older  or  Tertiary  limestones  is  the  modern  group  of 
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liniOjiT'jne?  of  uinlouhced  coral  reef  origin  which  border  the 
ooAs:  in  !ii«»sr  places,  or  form  small  coral  islets  adjacent  thereto, 
I'X-.tlly  kii»»wn  as  Svhoriiro.* 

T::*-  flfViited  reef  n»ck  can  always  be  recognized  bv  the 
perii-ori..ii  xwA  abundance  of  well  preserved  remains  of  reef 
inakin:^'  e-Tals  which  form  the  greater  proportion  of  the  mass 
a!.d  l-y  tiio  absvnce  of  himination  or  lieuding  planes.  The 
!'rn::iri.-n  averaires  abiuit  thirtv  feet  in  thickness,  and  usiiallv 

B  t 

e\:ei:'is  i!:!and  niilv  a  short  ili>tance,  often  onlv  a  few  vards,  as 
I'!:  :iiO  n«'rthwe^t  j^^int  uf  Moro  Point,  or  not  over  an  eiirhth 

•  '!  a  \v\.\:  it*  at  PiaractKi. 

Ti.i-  St'':i":T.e"»  is  a  topoirraphic  as  well  as  a  strati «rraplnc 
rV.iTuif,  :"•■:•  its  >urfac*e  which  was  that  uf  the  old  submerired 
rit-r  rt.-{'ri-..n:s  a  bench  gently  sloping  to  the  sea;  it  ha? 
ihiriur  ?•♦  t!i  c'vorcd  by  later  deposits  nor  greatly  denmltni. 
I:  'i-iu.i'.'.y  !\irin>  at  the  surf  line  a  cliff  about  ti  ft  eon  feet  In 
:.r  j':.:,  .:j.ii!>r  w:;it-h  tlic  surf  beats  with  great  force.  weariiL' 

•  it.'  :■  ::.:v:;*;i:i«'ii-.  The  surav  breakiuir  over  the  summit  im»- 
y\\\  .-  ::;e  -I'.rtace  induration  which  is  visible  wherever  raiinT 
.  :'.  ..  :■  ?:.'i-:urc  iwW^  upon  the  h«it  limestones.  This  indnrati"ii 
.iT  !'..:.«»•■. I  :■•:•  in>tanec,  has  convertetl  the  reef  rock  in  sp'-r^ 
::.:  a  •■■■. !:•<•.  -.icri.ar«'idal  marble,  auil  aided  in  the  scirrcirati'm 
-■!   -:...i.!  ':•  ■::*-  «■!   ir-'n  oiv  «iireetly  fmm  it. 

I*  >  i::.p---:Me  lure  t«»  «le>cribe  all  the  localities  where  tlii' 

>  '  .   -A;*   ..'•  — 'vw-l.       S-»nK'T:!iie>,   as   aloui;   rln'    IIa\'..ii. 

.-.    ■  ;:■'.-   .::. I '.:■■' w    -'r;}'  f\TcndiiiL'    t'miu    tin-  |i:'ii:r'»: 

..'    ::.!.•-.      A:^  liri  a-  "U  Mi^im  iM'iiin^ula  i»n!»"-i''' 

;;  ■       ■.   .:^  ..T.".\  .;-  a  -'.ii:*!;  I'aieii  in  a  small  indfiirat:  ■:. 

:  ■  .     ■;     •  .|  .■..::.;■  .-iii  uf   loMfil  Mineeiie  nn-k-. 

\-  ■[    ■     ■     .,     •   :  ■*:.!:■  :'".:v'i-i']:  tiic  n««rtli  (■■►a^T  thi' Sfi..ir:i''- 

■    .    •    .    '■  -i-ic:'  "i"  iii«-    !iiaiiilan«i.   but   cuii-riri;''* 

",    -.       :■■."•_:  r  •■  -.!;:;•'.  witli  Lri'«'at  aival  e\t«Mir      ^i-'-- 

A  .-•.:..;::. J  ■ '111 V  a  tew    t'ert  ab-ivi-  tlu'  w:!/!". 

j  .       •.    -•  I  .    ■  _:  .:•    \  .i:  rhi]M'!.ij:<»  «'t    tlieM'  eli'vati'il  rt-' I' 

-•    .  .  ■'..•  w.iv  !i-.'ni  a  i^ninr  ra-t  nf  MaMii/.b-' 
\  ^       ;•     -  ■'..■:■  ..■    N:i.'viti-  tin-n-  an*  Tln-ic  i-:.i"i':' 

.     ;      ......      •     -   '.\!.i'':i   i.MVr  :^'n-at   lV*»i-!Mbi:iMiT  h'  f!.-" 
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•..■■.■■  ■-.'1  ••:   vi''i!u\v  ;r:a!>'.r  !i;i-'.".'- 


1. 


.    \       !.-  >    i-.i-"    -■   -     •  : 
.■■■•:..      ;•  |,...^        I"     ■.■>. 

.1    •.:■•■   M^ _:  •  ■  II   ^  ■■  ■■■• 


History  of  the  Island  of  Cuba.  208 

^hich  may  have  been  either  coral  sand,  or  the  yellow  Miocene 
lays.  It  was  impossible  to  ^et  ashore  or  to  examine  them, 
Itbou^h  it  was  the  only  locality  seen  by  me  where  tliere  was 
-  suspicion  of  an  eolian  formation.  The  greatest  areal  devel- 
tpment  of  the  flat  Seboruco  was  found  along  the  outlet  to  this 
larbor.  It  is  found  from  Cape  San  Antonio  to  Cape  Mayci 
>n  the  north  side  of  the  island,  and  on  the  south  side  at  many 
places  especially  at  Guanabaco  and  Santiago,  as  described  by 
Hmball. 

Nowhere  have  I  seen  the  elevated  reef  rock  folded  or  other- 
rise  disturbed  except  by  the  gently  sloping  coastward  inclined 
levation  it  has  undergone.  The  interior  margin  I  have  never 
bserved  at  a  height  of  over  forty  or  fifty  feet.  In  general 
here  is  only  one  massive  layer  of  this  old  reef  rock  exposed, 
ut  at  Matanzas  there  is  undoubted  evidence  of  two  older 
nderlying  reefs,  the  inner  edges  of  which  have  been  elevated 
rith  the  modern  reef  so  that  they  do  not  form  distinct  terraces, 
t  may  be  that  the  almost  continuous  elevated  reef  around 
!uba  represents  more  than  one  of  these  layers.  Whether  one, 
r  several  alternations  of  reefs,  the  Seboruco  as  a  whole  cer- 
linly  represents  a  recent  and  uniform  elevation  of  the  whole 
eriphery  of  the  island,  at  a  very  recent  period  of  geologic 
me,  but  sufllciently  long  ago  to  permit  of  considerable  altera- 
[on  and  erosion. 

Cienegas. — Flat  marshy  alluvial  deposits  occur  in  many 
laces,  on  the  south  coast.  At  Batabanos,  opposite  Havana, 
he  coast  for  a  mile  or  more  inland  is  composed  of  ancient 
lluvial  material  apparently  similar  to  a  calcareous  mud 
low  depositing  and  forming  the  bottom  of  the  adjacent  sea 
or  a  mile  out  from  land.  Tliese  cienegas  and  cienega  deposits 
re  reported  to  have  considerable  extent  at  various  places. 
The  elevated  portion  is  synchronous  with  the  Seboruco  eleva- 
ion  on  the  north  coast. 

A  striking  peculiarity,  both  of  the  older  structures  and  the 
oast  deposits  of  Cuba,  is  the  scarcity — almost  total  absence — 
►f  arenaceous  or  sandy  deposits.  Nowhere  is  fine  quartz 
and  found,  such  as  accumulates  around  the  northern  border  of 
he  Gulf  of  Mexico,  and  the  presence  of  pieces  of  quartz 
gravel  in  even  the  delta  deposits  is  rare.  This  is  owing  to  two 
easons.  (I)  The  formations  of  the  Island — both  the  older 
netamorphic  foundation  and  the  limestones  contain  very  little 
ree  quartz,  and,  (2)  The  littoral  sands  or  sediments  of  the 
)eripneral  drainage  of  the  Gulf  are  not  transported  as  far 
outh  as  Cuba,  as  already  pointed  out  by  Prof.  Alexander 
Igassiz..  Even  the  building  sand  of  Havana  and  elsewhere  is 
alcareous  beach  debris. 
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Oeohfjie  ffigtory  recorded  by  the  Topography. 

Haviii^  reviewed  tbe  fuDdamenta!  rock  structure  up<Hi 
which  tlie  sculpture  of  the  land  is  de{)ei)dent,  we  can  now  ooo- 
aader  the  ^neral  topography  and  its  evolatioo.  It  is  neither 
neoeaeary  nor  possible  to  give  a  detailed  description  of  tha 
tninate  geography  of  Cuba,  except  so  much  »a  relates  to  ths 
geoesis  of  the  island.  Its  shape  and  outlines  have  t)eeu  de- 
scribed by  various  writers,  notably  Hamlioldt,  Sagra  and 
BedoB,  and  I  shall  only  touch  upon  tlioso  details  or  generali- 
ties which  will  help  elucidate  its  geologic  history. 

The  Santiago  coast  is  exceedingly  nioiintainon^  and  tg  sap- 
posed  ill  some  Way  to  be  genetically  connected  with  the  nioon- 
tain  gyBtcms  of  the  other  Antilles.     Concerning  the  composi- 
tion, a^c.  and   topography  of  the  iitoiintuin   ranges  we  knov  J 
bnt  littic  except  what  has  been  told  by  otiier  writers,  to  thii  1 
effect  that  they  approximately  extend  in  an  east-and-west  diree-  \ 
tion,  and  lower  lar  above  the  levels  of  the  remaining  portion 
of  the    island  and   occupy  a   very  narrow   strip  close  to  tlie 
ocean's  miu-gin.     Extending  away  to  the  north  and  west  from 
thiB  nncleiil  elevation  is  the  main  body  of  Cuba  which  is  pri- 
marily a  great  limestone  plateau  deeply  eroded  and  leveled,  J 
without  nny  sharply  defined  central   axis  of  higher  elevation  * 
except    till.'   diverging   lieiidwator   drainage   flowing   into  the 
opposing  seas.     The  highest  elevations  do  not  occur  in  a  con- 
tinuous ridge  but  are  irregularly  dispersed  as  if  they  were  pro- 
duced by  tlie  degradation  of  an  elevated  plateau  resulting  in 
the  alternation  of   plains  and  irregular  cuains  of    hills,  the 
latter  often  being  nearer  the  margin  than  the  center,  and  sel- 
dom over  2,000  feet  in  altitude. 

The  eminences  called  mountains  seen  by  me,  with  the  ex- 
ception of  the  Sierra  Maestra  and  kindred  ranges  of  the  San- 
tiago coast,  are  mostly  either  ( I)  tbe  direct  remnants  of  the 
old  limestone  covering  carved  out  by  circumscribing  erosion, 
or  (2)  inequalities  in  the  ancient  metamorphic  floor  from  which 
the  limestone  has  been  denuded.  Tbe  mountains  of  the  former 
kind  can  be  placed  in  two  general  classes  according  to  their 
altitude  and  degree  of  erosion,  Fii-st  are  the  high  limestone 
peaks,  mesas,  and  ridges  with  a  present  altitude  or  from  1,000 
to  2,000  feet.  The  Sierra  Junki  of  Baracoa,  the  Pan  de 
Matanzas,  and  the  Tetas  de  Managua,  are  examples  of  isolated 
peaks,  standing  close  to  the  north  shore  of  the  Island,  Each 
of  these  is  surrounded  by  deep  cut  drainage  valleys  and  is 
many  miles  away  from  any  masses  of  land  of  similar  altitude. 
Their  summits  are  made  of  the  snbhorizontal  strata  of  old 
limestone,  while  the  base  of  at  least  one,  the  Sierra  Junki,  con- 
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sists  of  the  older  inetamorphic  rocks.  The  Sierra  San  Juan 
and  the  high  ridges  of  the  central  portion  of  the  island  are 
remnants  of  the  same  old  level,  and  differ  from  the  more  iso- 
lated summits  in  having  been  less  eroded.  These  have  no 
regularity  of  arrangement  or  trend,  but  are  found  in  irregular 
patches  throughout  the  island.  Tlieir  slopes  are  entirely  the 
product  of  solution  and  erosion. 

The  Spanish  language  to  which  our  geographic  nomencla- 
ture is  already  so  much  indebted,  has  provided  an  appropriate 
name  for  another  class  of  mountains.     These  are  the  Cuchillas, 
or  "  knives"  so  called  because  of  the  numerous  sharp  salients 
marking  their  slopes,  and  caused  by  the  deep  incision  of  an 
old   plain  or  general  level  of  which  they  are  the  fast  fading 
remnant.     These  are  the  sharply  serrated  hills,  forming  the 
sharp  background  to  the  coasts,  especially  at  the  east  end  of 
the  island.     Their  summits  never  exceed  600  feet  in  altitude, 
and  are  clearly  the  remnants  of  a  general  plain  of  that  alti- 
tude.    The  Cuchillas  are  generally  composed  of  the  old  lime- 
stone which  dips  at  many  angles  and  degrees,  but  sometimes 
they   consist   of    a   complexity   of   limestones,    yellow   beds, 
Radiolarian  beds,  and  the  old  metamorphic  floor.     At  Yumuri 
and  around  Cape  Mayci,  they  consist  of  a  more  massive  and 
unbroken  wall  of  the  old  limestone  ;  but  as  we  go  westward 
they  become  more  eroded,  as  illustrated  by  the  high  line  of 
hills  along  the  coast  and  the  background  against  which  the  little 
harbors  are  cut  out  as  far  west  as  xf  uevitas.     Still  westward  the 
contour  recedes  slightly  inland.      On   the  south  of  Santiago 
coast  the  same  level  of  the  Cuchillas  summits  are  preserved  in 
diorite  and  syenite. 

In  addition  to  the  limestone  mountains  of  erosion  described, 
there  are  many  low  hills  in  the  central  part  of  the  island  adja- 
cent to  Villa  Clara  and  Puerto  Principe  which  are  clearly 
stmctural  remnants  of  the  older  metamorphic  floor  from  which 
the  folded  limestones  have  been  eroded,  the  latter  often  being 
preserved  on  top  of  the  higher  elevations  or  sharply  inclined 
around  their  edges.  The  series  of  sharply  rounded  hills  be- 
tween Havana  and  Matanzas  is  also  the  result  of  the  wearing 
away  of  the  limestone-covering  down  to  a  floor  of  tuffs  and 
serpentines,  which,  owing  to  its  softer  nature  is  more  deeply 
and  sharply  sculptured  than  the  limestone  regions  proper. 

Although  the  close  of  the  Tertiary  was  marked  by  much 
folding,  recognizable  mountains  conforming  to  the  structural 
folds  were  not  seen  by  me. 

Terraces  and  Bench^, — The  most  striking  feature  in  the 
topography  of  Cuba  is  the  well  defined  terraces  and  benches 
vrhich  mark  its  coasts  in  many  places.  These  are  often  so  dis- 
tinct, especially  at  the  east  end  of  the  island  that  their  con- 
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tinuitv  is  traceable  for  many  miles,  as  they  rise  abrnptly  from 
the  water  ?  level  one  ab*>ve  the  other  in  a  series  of  cli£Es.  On 
the  west  end  of  the  island  they  are  not  so  distinctly  visible 
from  any  sinorle  point  of  view,  for  the  flat  benches  are  mach 
wider,  but  they  are  nevertheless  traceable.  In  other  places 
denudation  has  destroyed  them. 

Besides  these  benches  and  terraces  whose  integrity  is  dis- 
tinctly preserved,  remnants  of  older  and  more  denuded  plains 
can  be  traced.  For  convenience  they  may  be  classified  as 
follows : 


1 .  The  Sebomco  or  elevated  reef  plain.  ) 

2.  Klevateii  Beach  and  Cliff  lines  and  r  1. 


r  I .  Later  terraces, 
the  Havana  terraces.  ) 

I-  ^f'*-  C""<^{'!"*  P'aSn-  1 2.  Older  terraces. 

4.  Ihe  Junki  plant.  ) 

1.  Tht  SefH>fHco  or  E/'!  mt^d  Heef  plain. — This  forms  the 
lowest  bench  immediately  adjacent  to  the  entire  north  coast 
and  along  the  Santiago  front  and  is  topographically  and  geo- 
logically the  elevated  coral  reef.  Synchronous  with  the  forma- 
tion of  this  l>each  the  elevated  j)Iaf/a  deposits  in  the  harbors 
and  the  elevated  cteaeya  or  mud  deposit  on  the  south  side  of 
the  Island  at  Batabanos  were  made. 

2.  T/u  Beach  ami  Cl{f  Terraces. — On  the  east  end  of  the 
ijilaiKl  the  abrupt  nortli"e«»a<t  is  marked  bv  three  distinct  an*! 
ahrnpt  rlitl's  and  terraces  cut  out  of  the  steep  slope  of  the  old 
♦  ;no  t«».»t  (.'ueliilla  ]>laiu  or  \vlii(»li  foriu>  the  upland.  The  three 
tt'iMMces  a>  <e«*n  in  this  reirion  are  so  clear  and  distinct  that 
thrv  aiv  r*alilv  vi^iM^  at  one  view  and  their  eontiniiitv  i? 
eitfarlv  tracrahk*  for  miles.  Thev  are  best  displayed  aloiiir  the 
eoa>t  adjacent  to  the  uioutli  o(  tlie  Yuniuri  of  the  east.  Here 
the  river  empties  directly  into  the  sea  through  a  preeipitoib 
canon  atfor<lin:^^  a  tine  eroris  section  of  the  terraces.  The 
c«>a>tal  >carp  consists  of  tlnvt*  narrow  suhdevel  benches  each 
>iirmi>nnr(.'d  by  a  Vi-rtical  clilT.  Bench  No.  I  is  the  tirst  sal>- 
h'vcl  strip  ai><»ve  the  >ea,  constituting  the  ])resent  beach.  Thi? 
in  general  repr.'>ent-  the  level  of  the  elevated  reef  wliieii 
nearlv  e\rrv\vhere  t'.»rm-«  the  low  Ivinir  coastal  ])lain  and  hreab 
<»tr  at  the  -ea  in  a  <\\v\  wall  ^ome  ten  feet  in  height.  Its  inte- 
rior margin  against  the  l)ase  of  the  tirst  great  cliff  is  4''  feet 
liiiih.  ami  it  nowln-re  exceeds  {('o  vards  in  width. 

This  l..\v('-t.  Tci-racc  \o.  K  which  usually  consists  ot  ele- 
\'ate(l  I'ecf  I'ock  i>  comj>oM'(l  of  alluvial  gravel  immediately oti 
the  cut  of  the  river,  and  a  <[narti'r  of  a  mile  away  to  the  ea>t- 
wai'd  it  is  elcvatcjl  yrvt  roek.  Several  smaller  beaches  ur.ike 
U))  this  hnve-t  teiTace,  the  uj)[>erm«jst  of  which  is  the  specially 
well  delined  alluvial  grav^-l  plain. 
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This  lowest  beach  abuts  against  a  vertical  cliff  (No.  2)  abont 
0  feet  high  (170  feet  above  the  sea)  worn  out  of  the  old 
lite  limestone.  Its  sides  are  vertical  in  most  places  and  inac- 
3sible.  This  cliff  is  in  turn  surmounted  by  another  beach 
o.  2)  which  likewise  was  formerly  an  old  beach  level,  from 
lich  has  disappeared  any  remnant  of  the  old  deposition  that 
ly  have  once  existed.  This  bench  is  about  a  hundred  feet 
width  and  abuts  against  a  second  vertical  cliff,  the  summit 

which  is  nearly  as  high  as  that  of  the  first  one,  or  about  350 
3t  above  the  sea.  The  level  bench  (No.  3)  mounting  this 
flf  is  similar  in  appearance  to  No.  2. 

This  last  bench  in  turn  abuts  against  the  third  and  upper- 
>8t  escarpment  of  the  highland,  which  terminates,  at  a  height 

from  500  to  600  feet,  in  the  irregular  upland  plain  forming 
3  fourth  level  above  the  sea.  This  is  the  general  upland  as 
appears  from  the  sea,  and  represents  the  old  land  from  which 
LS  carved  the  group  of  sea  cliffs  above  described. 
All  these  cliffs  and  benches,  and  the  cut  of  the  river,  are 
rved  out  of  the  old  Tertiary  limestone,  which  here  forms  an 
broken  mass.  No  trace  of  terraced  structure  occurs  within 
3  vertical  walls  of  the  river  cailon,  showing  clearly  that  the 
earn  has  cut  its  way  downward  across  a  rapidly  rising  land. 
The  country  surmounting  this  highest  escarpment  forms  a 
mparatively  unbroken  plateau  overlooking  the  sea,  at  the 
stern  end  of  the  island,  but  going  westward,  the  increasing 
ainage  cuts  it  more  and  more  into  numerous  serrated  hills 
own  as  the  Cuchillas  or  "Knives,"  whose  summits,  with  a 
neral  culmination  of  from  500  to  600  feet,  are  clearly  rem- 
nts  of  the  Yumuri  Plateau.  These  coastal  Cuchillas  are  a 
ry  conspicuous  feature  from  Nuevitas  eastward. 
4.  The  Junki  or  Higher  plain, — A  single  glance  at  the 
cnliar  isolated  mountain  known  as  the  Junki  or  Anvil  situ- 
3d  six  miles  west  of  Baracoa  is  sufficient  to  show  that  its  sub- 
?el  summit  is  the  remnant  of  an  ancient  and  higher  plain 
an  that  represented  in  the  Cuchillas.  This  is  a  magnificent 
itte  whose  summit  is  put  upon  the  Pilot  chart  and  estimated 
'  Crosby  to  be  1800  feet  high.  The  summit  is  an  ovoid 
esa,  looking  apparently  level  from  below,  but  really  having 
jeply  carved  drainage  ways  and  an  ancient  topography  indica- 
te of  long  exposure.  The  upper  portion  is  composed  of  a 
ass  of  the  older  Tertiary  limestones,  not  coral  reef  rock  as 
leged  by  Crosby,  1000  feet  in  thickness,  the  perimeter  of 
bich  is  an  almost  inaccessible  cliff.  This  rests  upon  the  old 
re-Tertiary  metamorphic  nucleus.  From  this  summit  one 
n  look  down  upon  the  Cuchillas,  the  Yumuri  terraces,  the 
2vated  reefs  and  the  wide  expanse  of  the  ocean  ;  and  inland 
wards  a  country  showing  remnants  of  its  own  level,  over- 
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reached  bv  etJU  higher  monntains  of  the  Sierra  Maestratotbe 
soulbwsrtl.  Ol  every  aitle  the  Jriiiiiaj^e  lias  cut  deep  below 
thie  peonliar  tuoaiitaiii,  carving  the  lowljing  country  into  an 
intaglio  nf  serrated  hiliB. 

No  one  can  view  tliis  or  other  similar  Bummita  without  be- 
ing itnpreBsed  with  tha  story  they  tell  of  t!ie  great  erosion 
wliich  has  taken  place  around  them,  as  well  as  the  fact  that  the 
differeuce  in  elevation  between  ite  plateau  and  that  of  the 
lower  lying  Cncliilla  plain  represents  a  vast  hiatus  in  the  his- 
tory of  the  island's  elevation — a  long  period  during  which 
land  stripping  and  degradation  etisned,  reducing  the  surround- 
ing areas  to  the  old  Ctiehilla  erosion  level. 

The  levels  represented  in  the  three  terraces  of  the  Yuranri 
of  the  east  have  remarkable  identity  with  the  levels  of  the 
west  end  of  the  island,  as  at  Havana  and  Matanzas,  where  my 
detailed  studies  were  innde  The  only  difference  is  that  the 
latter  are  wider  than  the  former,  owing  to  the  lower  and  more 
gently  sloping  country  out  of  which  they  were  eat.  The 
correspondence  in  altitude  is  such  that  no  one  can  doubt 
that  tliey  represent  synchronous  and  identical  regional  move- 
ments and  pauses,  and  that  they  were  once  continuons  tlirongli- 
out  the  length  of  the  north  coasts  of  the  island  and  aroDod 
Cape  Mayci  to  the  Santiago  coast.^ 

The  CuchiUa,  peneplain  of  the  east,  preeente  a  resemblsDce 
to  the  higher  summits  back  of  Matanzas  constituting  the  uplsnil 
divide  of  the  west  end  of  the  island  in  the  latitude  of  Havan.i. 

The  oldest  and  highest  limestone  summits,  about  150(1  lo 
200U  feet  in  height,  as  typified  in  Jnnki.  the  Sierra  del  Moa, 
the  Pan  de  Matanzas,  the  table  land  of  Mariel,  and  the  Mana- 
gna  paps  of  the  west  half  of  the  island  which  follow  near  tiie 
north  coast,  the  highest  limestone  of  Santiago  and  other  places, 
represent  the  remnant  of  the  oldest  and  highest  limestone 
levels  which  have  been  so  dissected  and  ]>laned  down  thiC, 
their  extent  can  only  be  estimated.  These  elevations  collec- 
tively may  represent  a  higher  land  than  existed  before  lie 
Cuchilla  piaiuB  were  developed.  Whether  the  high  summit! 
of  the  Sierra  MaesCra  adjacent  to  the  Santiago  coast  preeern 
traces  of  still  older  and  more  ancient  levels  is  an  interesting 
problem  for  the  future.  The  interpretation  of  these  levels 
cannot  be  finally  given,  without  more  extensive  study,  but  thfl 
obvious  history  is  as  follows  : 

(1)  In  a  period  near  the  close  of  the  Tertiary  to  be  ascer- 
tained, previous  to  the  emergence  of  the  present  elevated  reef 
and  the  erosion  of  the  Oiifbilla  plain,  there  was  a  great  upward 
movement  of  the  island  to  the  height  of  at  least  2000  feet, 
e  described  by  EimbBU  in  tbia  Jounwlof 
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^hich  as  yet  has  revealed  no  history  of  its  details,  fnrther- 
Dore  than  this,  that  from  the  absence  of  later  deposits  and  the 
iharacter  of  its  ancient  and  much  sculptured  topography  we 
nay  fairly  infer  that  it  has  not  since  subsided  beneath  the  sea, 
>nt  has  remained  mostly  dry  land  and  that  its  area  and  outline 
rere  very  nearly  as  great  as  those  of  the  island  to-day.  This 
ncludes  those  portions  of  the  island  above  the  dissected  Cu- 
ihilla  plains.  (2)  The  Cuchillas,  or  600  foot  level,  represent  a 
Jain  which  was  produced  by  base  levelling  in  the  epoch  fol- 
owing  this  oldest  period  of  elevation  and  represents  the  time 
nterval  between  it  and  the  later  movement  recorded  in  the 
irst  or  lower  group.  The  country  was  planed  down  by  ero- 
ion  to  near  sea  level ;  it  indicates  a  long  interval  between  the 
►Id  Junki  and  the  renewed  modern  elevation  recorded  in  the 
f  umuri  cliffs  cut  around  them.  (8)  The  Tripartite  group  of 
nodem  cliffs,  and  the  base  levels  below  and  cut  out  of  the 
)uchilla  escarpment,  are  the  product  of  a  renewed  and  modem 
ipward  movement  which  elevated  the  old  Cuchilla  base  level 
o  a  plateau,  and  subjected  it  to  the  erosion  which  has  since 
-ut  it  into  its  present  rugged  outlines.  The  Yumuri  cliffs 
veve  carved  from  it  where  it  formed  a  sharp  coast  scarp, 
•nd  the  Havana  and  Matanzas  benches  represent  synchronous 
evels  with  the  latter  in  the  west  end  of  tne  island  where  the 
>uchilla  plain  was  of  less  extent.  This  modern  group  of  ele- 
vations was  intermittent  as  is  shown  by  its  alternate  cliffs  and 
erraces.  The  modern  Seboruco  represents  the  latest  and 
iewest  regional  uplift. 

The  elevated  benches  and  terraces  which  border  the  coast  of 
3uba  with  the  single  exception  of  the  Seboruco  or  modern 
toast  reef,  are  not  ancient  coral  reefs  either  topographically  or 
ithologically,  as  has  been  asserted  ;  on  the  other  hand  they  are 
>each  and  erosion  plains,  produced  during  a  rapid  elevation  of 
he  island  in  Post-Tertiary  time  and  carved  from  various 
ormations  principally  the  older  limestones,  regardless  of  struc- 
ural  arrangement  and  composition.  Even  if  the  old  lime- 
stones are  coral-made  these  old  terraces  can  in  nowise  be  inter- 
preted topographically  as  elevated  reefs,  for  none  of  the 
>riginal  reel  topography  is  preserved.  On  the  other  hand  I 
ian  give  numerous  instances  where  the  same  levels  are  carved 
out  of  varying  component  material  which  was  much  folded  or 
disturbed  prior  to  tneir  erosion. 

The  series  of  terraces  around  Cape  Mayci  and  Yurauri  are 
carved  out  of  a  massive  matrix  of  old  limestone  of  undulating 
structure.  The  terraces  at  Matanzas  are  cut  out  of  a  series  ox 
beds  of  widely  divergent  lithologic  composition,  and  all  dip  at 
iDgles  from  ten  to  twenty-five  degrees.  The  Moro  and  Frin- 
3pe  Plateau  at  Havana  is  a  planation  surface  upon  a  floor  of 
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folded  limestone,  in  which  a  distinct  anticlinal  strocture  can  be 
traced.  The  terrace  upon  which  the  Military  Hospital  at 
Baracoa  is  situated  is  carred  acroes  the  almost  vertically  in- 
clined  edges  of  the  older  Miocene  limestones.  The  summit  of 
Jnnki  instead  of  being  coral  reef  is  a  greatlj  d^^raded  pene- 
plane.  The  Seborucj  alone  of  all  the  leyels  is  topographically 
an  elevated  reef  and  this,  as  before  stated,  does  not  rise  anv- 
where  over  5<»  feet  above  the  sea. 

Lack  of  Evidence  of  Sulmd^nce. — ^The  writer  was  unable  to 
discover  positive  evidences  of  subsidence  after  the  beginning 
of  Tertiary  time,  or  accompanying  these  elevations,  although 
it  would  be  rational  to  think  that  the  movements  must  have 
been  oscillatory.     I  failed  totind  any  traces  in  the  upland  areas 
of  recent  deposits  which  would   indicate  any  extensive   sub- 
mergence.    The  soils  are  everywhere  residual,  and  nowhere 
did   I   ol>serve   any  that   could   be   attributed  to  transported 
material  or  overplacement  of  marine  sediment,  and  particular 
care  was  taken  to  look  for  such  evidence.     Castro  reports  ex- 
tensive upland  alluvial  deposits  in  the  region  of  Puerto  Prin- 
cipe, but  gives  no  evidence  wherebv  we  may  determine  whether 
they  were  produced  by  upland  lacustral  deposition  or  sub- 
mergence of  the  land  to  sea  level.     Nowhere  do  the  rivers  show 
any  revival  or  other  evidence  of  such  subsidence,  but  all  have 
continuous  downward  cutting  sections. 

Whether  there  has  been  recent  subsidence  immediately  pre- 
eedinir  the  (.le|)osition  of  the  elevated  coral  reef  or  Se])orueo. 
wherel^y  tlie  circuhir  liarbors  were  produced  as  Crosby  alleires, 
is  aI>o  a  |K»int  which  1  cannot  accept,  though  ditticult  to  deter- 
mine. He  advances  in  supjH>rt  of  his  position  the  structure  of 
the  circuhir  harh<»rs  and  the  irreat  thickness  of  the  ohler  Hme- 
stones  whicli  lie  i)elieved  to  he  ancient  reef  rock.  I  have 
endeav(.red  to  show  that  there  is  no  evidence  to  support  the 
theory  that  the  ohler  elevated  limestones  were  coral  reefs  in 
oriirin,  and  hence  it  is  not  necessary  to  here  discuss  this  testi- 
ni<niy  further. 

Cnnceriiinir    the    mouths    of     the    rivers    themselves,   their 
alluvi;il  <h.'posit>  and  the  evidence  of  their  valleys  may  he  inter- 
])ret<Ml    to   mean   elevation  more    positively  than    ^Ir.  Crosl^y 
intn-prcts  them  to  mean  subsidence,  nor  can  I  understand  wliy 
he  call-  them  **  half  drowned."     There  is  a  s'ujxnlar  absence  of 
iionl-likr  valley-   or   indentations  or   of   ancient  estuarine  de- 
j)osits  around  the  (•oa>t  of  Cuba,  such  as  ordinarily   indicate 
sub>idenc('.      in    fact   the   rivers  in   nearly  all  cases,  like  the 
Vunmri    of  the  east,   run  directly  to   sea  level  throutrh  almost 
vertical  chasms  cut  directly  across  the  line  of  terraces,  and  are 
void  of  anv  terraces  within  their  canons,  showing  unmistakably 
tiiat    thev  have    cut    down   to    sea   level  across    the    terraces. 
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That  sorae  of  these  rivers  do  at  present  reach  tide  level  a 
ihort  distance  from  the  beach  is  true,  but  so  short  is  tliis  dis- 
ance  that  vessels  can  alvi^ays  obtain  fresh  water  from  them  by 
ending  light  boats  up  them  less  than  a  mile  from  where  they 
^nter  the  seas  or  harbors.  1  do  not  think  that  this  slight  in- 
lentation  of  tide  level  up  these  rivers  is  indicative  of  "  drown- 
ng "  or  an  ancient  subsidence ;  on  the  contrary,  it  merely 
neans  that  the  rivers  and  surf  are  doing  their  normal  work  of 
legrading  the  land.  If  there  were  really  drowned  rivers  they 
v'oald  be  navigable  some  distance  inland,  but  in  case  of  the 
hree  largest  streams,  the  Armendaris  of  Havana  and  the 
wo  Tumuris  of  Matanzas  and  Baracoa  I  found  it  impossi- 
>le  to  go  inland  over  a  mile  in  the  shallowest  row  boat,  being 
^oon  retarded  by  rapids. 

On  the  other  hand  some  of  these  streams  are  now  forming 
ielta  deposits  in  places  outside  their  mouths,  which  is  more 
indicative  of  present  elevation  than  of  subsidence.  Further- 
more, the  Yumuri  of  the  east  formed  similar  deltas  before  the 
elevation  of  the  coast  reef.  At  any  rate,  if  there  had  been 
any  serious  epochs  of  subsidence,  they  would  be  recorded  in 
great  fiord-like  valleys  or  low  passages  across  the  central  axis 
of  the  Island,  such  as  do  not  exist,  and  to  which  the  oval 
harbors  may  not  be  compared,  for  their  origin  is  entirely  due 
to  the  pre-existing  fringe  reefs. 

On  the  other  hand,  it  might  be  alleged  that  all  the  ancient 
topography  of  subsidence  is  still  beneath  the  ocean  level,  and 
that  the  angular  edges  of  Cuba  are  indicative  of  the  fact  that 
the  present  outline  merely  represents  an  ancient  summit  which 
is  re-emerging.  The  submarme  topography,  however,  is  not 
within  the  province  of  this  paper,  but  I  agree  with  Prof. 
Agassiz  that  its  irregularities  were  indicated  long  before  the 
present  history  treated,  in  this  paper.  The  three  alternations 
of  gravel  and  reef  in  the  Matanzas  section  may  also  have  indi- 
cated slight  alternations  of  subsidence  and  elevation. 

It  is  now  possible  with  the  aid  of  the  stratigraphic  and  pale- 
ontologic  data  previously  given  to  make  a  few  conclusions  con- 
cerning the  Cenozoic  history  of  Cuba.  It  has  been  shown  by 
the  stratigraphy  that  the  topographic  levels  are  not  old  reef 
levels  but  with  the  exception  of  the  modern  reef,  have  all 
been  carved  out  of  the  previously  folded  and  disturbed  Ter- 
tiary limestones,  and  hence  the  present  bench  topography  of 
Cuba  originated  subsequently  to  this  period  of  Post-Tertiary 
wrinkling  and  represents  a  different  kind  of  movement  which 
was  regional  or  epeirogenic.  Since  the  old  folding  or  orogenic 
movements  occupied  at  least  a  small  portion  of  Post-Tertiary 
tinje,  we  may  reasonably  conclude  that  the  periods  of  uniform 
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nptifting  TvcTHrdd  in  tbe  old  Iwclc  must  bave  tnken  pluctat 
Iwt  uDoe  the  befcinniciiE  of  the  PleLdU>ceue.  Id  otLer  wor<]» 
tfaey  are  oomnandvelT  modem  in  geologic  time — some  of 
tbtnii  alnolotelT  recent. 

It  i»  ni>t  OMintatned  tn  thi^  pspcr  tliat  the«e  epochs  of  re- 
gioiul  e1«*atioD  were  coDtinoou^  and  unintcrrnpted,  or  iiniu> 
coinpaDii-d  lir  paos^  or  even  aliematias  epochs  of  enbsidenoe, 
but  till-  p.*o«ral  pro;er«e  of  the  ifilanU  haa  been  periodiwlh 
npward  and  if  lli«r«  awre  epodif  of  ttubxidcuce  they  are  difficull 
X*i  distin^iEb  aod  were  of  short  dnratioD  and  Jnsigiiificiint  in 
eoiaparisun  with  the  preat  npliftio^  movemeDt  that  has  ^ne- 
rail;  progresMd. 


Art.    XXIX. — Jlmrralofftcal   Jfot&a  on  CeruviUt,  Calamm 
and  Zircon  ;     hy  J.  H.  l*RATr. 

1.  CntumU. — The  mineral  occurs  at  the  Jadee  Kine, 
Black  Hawk,  MeaEfher  Co.,  Montana,  and  was  oollecteo,  tbrondi 
the  kindness  of  Mr.  DaYis,  foruman  of  tlie  mine,  by  Mr.  h.  V. 
PIrssoD,  during  the  summer  of  18!)3  while  engaged  in  tield 
work  on  the  \J.  S,  Geolc^cal  Surrey. 

It  is  associated  with  several  ores  of  lead  resatting  from  tbe 
decomposition  of  galena,  tbe  main  conatitneut  of  the  ore  body. 
The  mineral  is  found  in  pockets  in  (he  form  of  rough  masses, 
ut  time«  as  large  aa  one's  tist,  showing  an  occasional  broad  crys- 
tal face.  Tlicee  fragments  are  remarkably  clear  and  free  from 
foreign  inclusions.  Attached  to  these  are  small  bright  crystak, 
both  eimple  and  twinned.  Their  faces  are  generally  smootb, 
giving  very  good  reflections  of  the  signal  when  measured  on 
the  reflecting  goniometer. 

Specimens  of  the  simple  crystals  which  are  represented  !iT 
fig.  1,  were  found  so  attached  to  the  rest  of  the  mineral  llial 


the  faces  on  both  ends  of  the  lateral  axes  were  developed  wd 
conld  be  measnred.     The  forms  observed  on  them  are : 
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h  (010,  /4)  X  (012,  \-\)  V  (031,  S'l) 

c   (001,    O)  i  (021,  2-^)  p  (111,  1) 

m  (110,  7) 

The  greater  part  of  the  crystals  observed  however  were 
inned ;  the  twinning  following  the  common  method  in 
lich  the  twinning  plane  is  the  unit  prism  «i,  /,  110.  These 
y^Btals  are  represented  by  fig.  2.  As  shown  in  the  figure,  the 
ystals  are  extended  in  the  direction  of  the  twinjaing  plane 
d  are  so  attached  against  the  smooth  surfaces  of  larger  crys- 
l  faces  that  the  twinned  pinacoids  at  tbe  otlier  end  are 
bolly  wanting,  the  crystals  being  cut  square  off  at  this  point 
in  the  figure.  They  resemble  strongly  the  untwinned  ones. 
The  following  table  shows  the  identification  of  the  forms  by 
Iculated  and  measured  angles.  For  obtaining  the  calculated 
igles  the  elements  of  Koksharov*  have  been  used  in  which, 

d:l:c  =  0-609968  :  1  :  0-723002. 

Calculated.  Measured. 

IaW,  110/sllO  62°  45' 60"  62°  45',  62°  45',  62°  45^' 

i/N/>,   llOxvlll  35    46  35  46,   35    45,    35    46^ 

A/>,   ni/^lll  49   59  30  49  68,  49   57^ 

A«,    001/s,012  19   52  30  19  49,    19    51 

A  t,   001 /s  021  55    20  55  19,  65    19 

aV,  001/s,031  65    15  65  9,    65    11 

^IaW,  110/^1 10  (twin)  54   28  30  54  28,  54    29,  54    26 

Wa;?,   llOxvlll      "         43    36  30  43  39^ 

2.  Calamine, — So  far  as  the  author  has  been  able  to  dis 
lover  no  calamine  from  any  American  locality  has  been 
lescribed  with  respect  to  crystal  habit  and  it  has  been  thonght 
hat  a  brief  description  of  crystals  from  some  of  the  occnr- 
•ences,  with  figures,  would  be  of  interest  and  not  without 
^alue. 

Specimens  of  this  mineral  from  the  majority  of  American 
ocaiities  rarely  show  distinct  isolated  crystals,  but  rather, 
nasses  of  them  agglomerated  together  upon  the  brachy  pina- 
ioid,  into  rounded  forms  similar  to  prehnite  and  these  pass  into 
ndistinct  botryoidal  and  even  earthy  amorphous  crusts. 

In  the  fine  suite  of  specimens  in  the  Brush  collection  were 
Wd  some  from  Sterlmg  Hill,  New  Jersey,  and  from  the 
Harriet  and  Maid  of  Erin  Mine,  Clear  Creek  Co.,  Colorado, 
^hich  contained  separate  distinct  crystals  suitable  for  measure- 
ttient  on  the  reflecting  goniometer.  They  all  show  the  same 
|iabit  being  thin  tabular  on  5(010)  and  also  extended  so  greatly 
in  the  direction  of  the  vertical  axis  as  to  form  long  slender, 
delicate,  needle-like  forms. 

*  As  given  in  Dana's  Mineralogy,  sixth  edition,  1892,  page  286. 


The  crretxts  (rom  lh«  firet  mentioiicd  locality  are  termioated 
by  brecLj-  and  mtcro^ume^  u  rcprefctitod  id  tig.  3.  No 
dooblj  terminated  ones  were  otwcrved,  all  being  attached  optn 
the  pyramidal  or  anlilof^ns  end.  The  prism  tacee  are  more  or 
lew  striated  but  not  to  greatly  bat  that  snfficientl?  accnntt 
measaremvnu  vould  bu  obtained  to  identifr  tbom.     The  domes 


were  brijcht  and  stnootb  and  gara  werj  good  refleotiouB  of  l)ie 
signal.    The  faces  obeorved  on  thew  cryetals  are  s^  follows : 

6    (010,  i- 1)  «    (Itl,  li)  e    (Oil,  1-1) 

m  (110,  /)  (    (301,  3-i)  i    (031,  3-lJ 

The  crtetala  from  Clear  Creek  Co.,  Colorado,  as  shown  bj 
gpecimena  in  the  Bmsb  collection  ooenr  in  cavities  in  liematit*. 
They  are  similar  to  those  fronj  Sterlinir  Hill  Imt  have  in  addi- 
tion the  macro-pioaeoid  flfl'M',  i-'t).  while  (?(011,  1-i)  ig  want- 
ing. These  crystals  which  are  represented  by  tig,  4  are  so 
greatly  striated  that  uo  measurements  could  be  made  in  ibe 
prism  rone. 

The  following  table  gives  the  calculated  and  measured  angle- 
For  obtiiining  the  calculated  ones  the  elements  of  Sdininf* 
have  been  used  in  which 


a-.l: 

c  =  0-78340:1: 

0-47782. 

Cik-ulsled. 

Ueaeured, 

/s  » 

100 /v  101 

58"  37' 

68''40',  oB'40 

^t 

100/^301 

as    39  30" 

28   38  30'-,  28 

^  i 

010^031 

34    54 

34    51 

>s  i 

031  >s,  031 

110    12 

no   11   30 

^  e 

Oll^Oll 

51       5 

51  11 

^n 

llO/^lIO 

76       9 

76  36 

Zircon.— In  a  recent  paper  Prof.  F.  D,  Adatnsf  ^ 
described  tlie  occurrence  of  a  large  area  of  nephelite  syenite 
from  the  townships  of  Dungannon  and  Faraday,  Ontario,  and 
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entions  zircon  as  one  of  the  rock  constituents.  Some  speci- 
ens  of  these  zircon  crystals  have  been  sent  to  this  laboratory 
jcently  by  Prof.  Adams  for  crystallo^raphic  investigation  and 
;  they  present  several  points  of  interest  a  brief  description  of 
lem  is  given  here. 

The  crystals  occur  imbedded  in  the  usual  manner  in  the 
x;k,  from  which  they  can  readily  be  separated  in  a  nearly 
erfect  condition.  They  show  two  quite  different  Ijabits,  one, 
jpresented  in  tig.  5  in  which  by  the  development  of  two 
pposite  pairs  of  the  pyramidal  faces  together  with  a  pair  of 
ie  prisms  of  the  second  order,  the  crystal  becomes  columnar 


5. 


6. 


in  this  direction  and  mimics  a  hexai^onal  prism  of  the  second 
order  terminated  by  rhombohedral  faces.  The  only  forms 
observed  on  these  are : 

a,  w,  (100);  and/),  1,  (111). 

In  the  second  habit  the  pyramidal  faces  are  strongly  devel- 
oped, while  the  prism  faces  are  short  or  lacking  altogether. 
These  crystals  represented  by  fig.  6,  show  the  following  forms. 

a,  H(100};  m,  I,  (110);  v,  2,  (221);  ;?,  1,  (1 11). 

The  crystals  are  well  suited  for  measurement  and  give  fair 
reflections  of  the  signal  on  the  goniometer.  In  the  following 
table  of  calculated  and  measured  angles,  the  elements  or 
Kupffer*  were  used  to  obtain  the  calculated  angles,  where, 

Axis  c'=  0-640373. 


Calculated. 

Measured. 

'/A/\/>, 

UO/vlll 

47°  50' 

47^  42'  30" 

W/vV, 

110/v22l 

28    54 

28    52 

«  A/^, 

100 /si  11 

61    40 

61    38 

P^P'^ 

lllx^Ill 

56    40  26" 

56    38 

P  ^P'\ 

lll/^IIl 

84    20 

84    16 

In  conclusion  the  author  desires  to  express  his  thanks  to  Mr. 
L  V.  Pirsson  for  valuable  aid  during  the  progress  of  the  work. 

Laboratory  of  Mineralogy  and  Petrography, 
SheflBeld  Scientific  School,  New  Haven,  June,  1894. 

*  Dana's  Mineralogy,  sixth  edition,  p.  482. 
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Art.  XXX. — The  Reduction  of  Arsenic  Acid  hy  the  Actio 
of  Uydrochioric  Acid  and  Potassium  Bromide  :  by  F.  ^. 
('tooch  and  I.  K.  Phelps. 

[Contributions  from  ibe  Kent  Chemical  Laboratory  of  Yale  College — XXXIV. 

It  was  shown  in  a  a  former  paper  from  this  laboratory*  tlu 
arsenic  acid  may  be  easily  reduced  by  the  simnltaneous  actio 
of  hydrochloric  acid  and  potassinm  iodide,  and  more  recently 
this  reaction  has  been  snccessfully  applied  to  the  rapid  dete* 
tion  of  arsenic  in  presence  of  antimony  and  tin,  and  of  ant 
numy  and  tin  associated  with  arsenic.  Tliis  paper  is  the  ai 
count  of  work  in  the  couree  of  which  it  became  evident  tlia 
the  action  of  hvdrobromic  acid  upon  arsenic  acid  is  so  simila 
to  that  of  hydriodic  acid  that  potassium  bromide  may  wit 
propriety,  and  even  with  advantage,  be  substituted  for  th 
iodide  in  the  process  of  reduction. 

The  apparatus  which  we  have  used  in  this  work  is  similar  t 
that  employed  previously,  and  is  essentially  a  Mohr  s  distil  la 
tiim  apparatus — consisting  of  a  small  flask,  of  from  25cm'  t< 
50cm'  capacity,  fitted  by  means  of  a  pure  rubber  stopper  toi 
pipette  which  was  bent,  drawn  out  at  the  lower  end,  am 
dipped  into  a  test-tul>e  supported  and  cooled  in  an  Erlenmeve 
llask  noarlv  tilled  with  water.  The  arsenic  was  introduced  into 
tho  llask  in  the  form  of  the  pure  crystallized  dihydroiroi: 
}>ota>siuin  arsoniate  wliieh  was  dissolved  with  ^^'""^  of  potassiiin 
l>roTnitlo  in  oqwV  of  water,  and  r)cm  of  hvdruchloric  acid  «>f  ful 
stivTi:^th  'sp.  irr.  l"J<h  wore  added.  The  end  of  the  pipette 
\\\W  was  dippo<l  into  f»cin  of  hydrochloric  acid  of  half  streiiirtl 
iMuitainod  in  this  tost  tul»e  used  as  a  receiver,  and  the  distilla 
tioii  was  oarriod  on  until  the  lijpiid  in  the  flask  had  ahnof 
iMitiroly  passed  to  tiie  receiver.  The  residue  was  treated  will 
l<»om  ot  tlio  stn»n:i'est  hvdPK'hlorie  acid,  and  the  distillation  wa 
ivjH'ated  with  the  moditicatioii  that  this  time  the  condonsiitioi 
wa>  otTootod  ]»y  p;issinj:the  volatile  material  into  Ineni""  of  water 
so  that  \\w  litpiid  in  tlio  roooivor  at  the  end  oi  this  operati'H 
should  ha\o  tlio  aoivlitv  .•!  hvdn»o!ih»rio  acid  of  half  strenirtli 
Thi^  i»ro/rs>  <•:'  tiva'inir  tlio  ro<idiio  with  the  stronire>t  livdro 
ohlorir  arid  aii«l  di-ril".iiiir  was  rcmtinuod  until  arsenic  ct-a^tH 
to  ho  disoovor.ihlo  i:i  :]ii>  •i:<tilIato.  At  the  hoirinniuir  ^'^  ^^'" 
ili^iiliation  hroniiiio  i>  ii*«oratod  and  collects  in  this  distillate 
hilt  iato!\  as  tiio  ar^onivii-  rhioridt.'  volatilizes  and  comioiiH' 
aiiaiii.  the  ooi-ir  of  tlio  iM-ojiiii,/  i?i   tlio  distillate   vanishes  witl 


1 , 


.•   ■  1'     •■•  -    *.'■  !<  ." >y:.' iW .  iliv.  TiOn, 
^\i.      ■...::■;  I!  ■  i^-.-    t'.i?  .'i'.  rn;i:.  x'vii.  :^S2. 
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aneous  reconversion  of  the  arsenic  to  the  higher  form 
)n.  In  such  a  solution,  especially  if  it  is*  not  very  hot, 
sulphide  precipitates  the  arsenic  only  slowly,  but  the 
f  a  little  stannous  chloride  dissolved  in  hydrochloric 
If-strength  to  the  hot  solution  reduces  the  arsenic  to 
form  of  oxidation  and  prepares  the  way  for  the  im- 
•recipitation  of  arsenious  sulphide  by  hydrogen  sul- 
ntimonic  acid  is  likewise  reduced  under  the  condi- 
le  distillation ;  but,  as  Koehler  has  shown,*  neither 
unts  of  antimony  and  tin,  which  if  present  originally 
partially  to  the  distillate,  nor  the  tin  added  to  effect 
tion  of  the  arsenic  finally,  wrll  be  precipitated  by 
sulphide  under  the  existing  conditions  of  tempera- 
cidity. 
ults  of  experiment  are  recorded  in  the  accompanying 


ic 

as 

)4 

Antimony 
taken  as 
H,Sb04 

Tin 

taken  as 

SnCU 

' 

grin. 

grm. 

)1 

• 

•  •  •  • 

10 





)0 





)0 





)0 





)0 

•  «  -   • 

- .  -  - 

0-4000 

• 

)1 

0-4000 



)1 

0-0001 

...  - 

10 

00001 

.... 

)0 

00001 

. .  - . 

, 

.... 

0-4000 

)l 

-  -  -  - 

0-4000 

)1 

00001 

Precipitation  by 

HaS  m  successive 

distillates  niter 

treatment  witli 

SnCl, 

I  None 
I-X  None 
i  I  Found 
(  1 1  None 
i  I  Found 
\  II  None 
j  I-II  Found 
\  III  None 
3  I-III  Found 
\  IV  None 
]  I- VI  Found 
/  VII  None 
I-X  Found 
XI  None 
I  None     • 
j  I-II  Found 
\  III  None 
j  I  Found 
\  1 1  None 
]  I  Found 
(  II  None 
i  I-II  Found 
/  III  None 

I  None 
j  I-II  Found 
/  III  None 
I  Found 
None 


) 


MI 


Precipitation  by 

U  aS  in  the  rer 

sidue  dissolved 

in  water. 

None 

Faint  coloration 

None 
None 
None 

Faint  coloration 

Orange 

precipitation! 
Orange 

preci[»itationt 
Large 

Large 

Distinct  color 

Distinct  color 

Distinct  orange 

Large 

Large 

Distinct  color 


Anal.  Chem.,  xxix,  192. 

ntly  identified  as  antimonj  sulphide   by  depositing  the    metal   on 
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Whenever  antiniocv  was  introdooed  intentional Ij  it  wa£ 
taken  in  the  form  of  antimonic  acid  produced  bv  oxidizing  bj 
bromine  in  alkaline  solution  tartar  emetic  purified  by  boiliDg 
with  hydrochloric  acid  until  the  distillate  contained  no  trace 
of  arsenic.  The  stannic  chloride  employed  was  similarly  puri- 
fied by  lioiling  in  strong  hydrochloric  acid. 

It  will  be  seen  that  no  indication  was  given  by  hydrogen 
salphide  either  in  the  distillate  or  residue  when  the  hydro- 
chloric acid  (l(K;m'»  and  the  potassium  bromide  (3^  were 
treated  in  blank.  When  the  bromide  was  treated  in  blank  ten 
times  successively  no  indication  was  obtained  in  any  individual 
distillate,  but  the  residue  showed  a  trace  of  color  which  was 
apparently  intensified  by  the  action  of  hydrogen  sulphide. 
This  eflfect  was  slight  and  probably  due  to  the  prolonged  action  of 
the  acid  upon  the  rubber.  It  is  not  sufficient  to  interfere  with 
the  detection  of  0  0001^™  of  antimony — as  subsequent  experi- 
ments showed. 

A  single  distillation,  requiring  but  three  or  four  minutes, 
proved  ^o  l>e  sufficient  for  the  complete  volatilization  of 
OOOIO^""  of  arsenic,  two  distillations  were  enough  to  remove 
{y\)l^rm^  and  three  0*1«^"*  of  arsenic.  In  handling  larger 
amounts  of  arsenic,  04^™  or  1*^  it  became  evident  that  the 
presumably  pure  arseniate  actually  contained  a  trace  of  anti- 
mony, and  the  efficiency  of  the  bromide  treatment  in  effecting 
the  detection  of  a  little  antimony  in  presence  of  a  larc^e  anionnt 
of  arsenic  i>  clearly  !?lio\vn.  It  is  plain  that  while  the  presence 
of  larire  amounts  of  antinionv  and  tin  tend  to  diminish  the 
ra])idiry  of  volatilization  of  the  arsenic,  the  detectiuii  ot 
o-iHMil-'"'  of  arsenic  is  always  sure,  and  that  antimonv  and  tin 
if  oriirinally  ])resent  in  appreciable  amount  will  always  he  di?- 
co\eral)le  in  the  residue. 

In  a  comparison  of  the  results  of  these  experiments  with 
those  recorded  in  the  former  paper  describing  the  reduction 
])v  means  of  potassium  iodide,  it  appears  that  in  <^eneral  fewer 
distillations  are  needed  to  elfect  the  transfer  of  the  arsenic  to 
the  distillate  when  the  bromide  is  employed — a  condition  of 
atraii's  wnich    is  doubtless   due    to    the  fact  that  in  the  f()riner 

4 

treatment  an  insoluble  and  somewhat  refractory  precipitate  ot 
ar>enious  iodide  is  formed  when  hum'  amounts  of  arsenic  are 
present,  while  the  bromi<le  causes  no  precipitation  of  the 
arsenic!,  and  interferes  in  no  wav  with  the  distillation  of  the 
re(luced  pr^Kluct. 
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Art.  XXXI. — On  the  Occurrence  of  LeadhiUiie  in  Missouri 
and  its  Chemical  Coinposiiion  ;  by  L.  V.  Pirsson  and  H.  L. 
Wells. 

LeadhillitEj  the  hydrated  sulphato-carbonate  of  lead,  is  a 
rare  mineral,  occurring  in  bat  a  few  places  in  Europe  and  hav- 
ing been  reported  from  but  three  localities  in  this  country.* 

It  is  therefore  a  matter  of  interest  to  announce  a  new  occur- 
rence in  America,  and  as  the  exact  chemical  composition  of  the 
mineral  has  been  uncertain  and  the  material  is  well  suited 
for  mineralogical  and  especially  for  chemical  investigation, 
these  have  been  undertaken  with  the  results  given  in  the  pres- 
ent article. 

Our  attention  was  first  called  to  this  occurrence  by  Messrs. 
English  and  Co.,  of  New  York  City,  who  sent  us  some  speci- 
mens for  identification  and  we  take  great  pleasure  in  expres- 
sing our  thanks  to  these  gentlemen  for  the  very  liberal 
manner  in  which  they  have  placed  an  abundant  supply  of  fine 
material  at  our  disposal  for  this  investigation. 

The  mineral  occurs  near  Granby»  Missouri,  and  has  been 
probably  formed  by  the  action  of  water,  carrying  carbonic  acid 
and  oxygen  in  solution,  on  galena. 

The  specimens  which  we  have  studied  consist  of  masses  and 
crusts  oiten  apparently  pseudomorphous  after  the  original  lead 
ore  and  consisting  mainly  of  massive  cerussite,  mingled  possi- 
bly with  other  lead  salts.  The  leadhillite  occurs  implanted 
'  upon  this  in  well  defined  crystals  or  in  aggregated  groups 
studding  the  interior  of  cavernous  portions  of  the  amorphous 
crusts. 

The  isolated  crystals  are  often  quite  perfect,  in  rather 
slender,  apparently  hexagonal  prisms  attaining  a  length  of 
50°""  and  terminated  at  either  end  by  the  basal  plane.  More 
commonly,  however,  they  occur  in  rather  thick  hexagonal 
tables,  at  times  V^  in  breadth,  numbers  of  which  are  grouped 
toother  in  parallel  position  or  consisting  of  repeated  twins. 
When  these  occur  lining  cavities  only  the  front  half  of  the 
crystals  are  often  developed,  and  as  they  extend  to  right  or 
left  or  rise  one  above  the  other,  all  in  parallel  position,  they 
represent  in  miniature  precisely  the  appearance  shown  by 
columnar  cliffs  of  basalt  whose  broken  off  hexagonal  columns 
rise  step-like  above  each  other. 

In  these  cavities  they  are  often  associated  with  slender, 
striated,  glittering  prisms  of  cerussite,  occurring  at  times  in 
fine  twins,  the  twinning  plane  being  the  prism  r  (130). 

•Newberry  Diet ;  Spartanburf?  Disc,  No.  Car.  by  Shepard  and  from  the  Schultz 
goldmine  in  Arizona,  by  Penfield,  cf.  Dana's  Min.  6th  ed.,  p.  922,  1892. 
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'  In  color  the  leadhillite  varies  from  colorlws  i»  the  smaller 
crj-8tiils  whicli  are  often  Waattfully  clcur  and  limpid,  to  in 
exquisite  dear  itoii-green  in  the  \arger  trantihiceiit  individuals. 

rroii)  their  fnttihtieee,  high  Instcr,  delicate  tints,  size  and 
good  cryetaltization  tliese  8|>ecimene  arc  hy  far  the  most  strik- 
ing ones  of  this  mineral  that  have  come  under  oar  observation. 

Crystallography. — From  a  cry  Rial  lographie  standpoint  ihe 
mineral  from  this  new  locality  i"»  very  simply  developed,  the 
majority  of  the  crystals  appearing  like  simple  hesa^nsl 
priems  terminated  by  the  base  and  consisting  of  the  forme  c,  o, 
ml);  m.  I,  (HO)  and  a,  i-T  (100).  Often  the  positive  liemi- 
domu  <f,  2-i,  (3"!)  is  present  and  the  crystals  have  the  habit 
shown  in  (ig.  1.  More  ntrelv  the  nej?ative  hcmidome  w,  -2-i 
(201),  and  Ihe  ortho-pyramids' J,  MjiU)and  «,i-4(4!S)oecnr 
and  these   are  shown  in   Sg.  "i,  which   repreeenta   the  mt^l 


Fig.  i. 


complex  form  observed.  These  have  been  identified  bf 
the  tollowing  angles  mcagnred  oil  the  refleotiiij;  goniomeler. 
For  ttie  calculated  angles  the  elements  derived  from  the  men- 
nrements  of  Laspeyree*  have  been  need  in  which 

.f:  A  :  C-:  :  lUTfii  :  :  I  :  2-21515,  ang.  /3=8»°  47' SB'. 


Uan. 

89°  38",  89°  3T'  =  MfrA 

89    80 

(t8    64     69    04 

08    27 

54'  14 


e  >sa(OOlAino)  89"  47'  S8' 

C   /^m(001/^Il»)  89    M 

0  AC  (ooi,s3ai)        es  39 
c  AM(o«i/»i'Oi)        ee  18 

<•   /sy  ('>(il/*.4U)  54    16 

0^^(001^418)  34    0&  34    37 

The  above  nieasuremeots  represent  the  best  obtained  :«» * 
general  rule  the  inflections  of  the  signal  are  poor  in  spite  of 
the  brilliuney  of  the  luster,  owing  to  the  fact  that  the  crystal" 
are  usually  much  striated  by  lines  parallel  to  the  trace  of  tbe 
basal  plnno  and  are  moreover  often  slightly  curved  or  twisted. 
The  meiisnremeut  of  f/vir  (  001y\  10iJ)=aiig.  ^3  was  one  of  tlie 
best  and  obtained  on  a  small  crystal  which  gave  good  reflex 
tions  and  was  free  from  distortion;  it  is  somewhat  less  tlun 
*  Zeil.  f.  KtjbL.  i.  p.  199,  1877. 
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I  by  Laspeyres  and  approaches  the  angle  measured  by 
►n  the  Sardinian  mineral,  ang.  ^=89°  31'  55^  The 
-J,  (118)  first  mentioned  by  Artini,  is  easily  identi- 
5  present  occurrence  by  its  lying  in  the  zone  410/^001 
e  measurement  on  the  base.  It  may  be  mentioned 
all  the  faces  shown  in  fig.  2  have  been  greatly  exag- 
:cept  the  pinacoids  and  prisms,  in  order  to  exhibit 
er. 
the  most  marked  peculiarities  of  leadhillite  is  its 
oach  to  hexagonal  symmetry  in  certain  of  its  forms, 
lave, 


aA.m  100/^110=60°  13'  30* 
c/sw  001/v201=68    18 
c  A^e    001/^201=68    39 
c  y^x  001/slll=68    31 
C/vr   001a111  =  68    42 


bination  of  these  planes  evidently  could  not  be  dis- 
1  by  the  eye  alone  from  a  hexagonal  prism  terminated 
gonal  pyramid.  The  crystals  from  Missouri  often 
ongly  rhombohedral  from  the  fact  that  they  have  the 
wn  in  fig.  1,  and  are  repeatedly  twinned  on  the  unit 
7 here  the  edge  between  the  base  and  a  face  in  the 
le  is  replaced  by  a  single  plane  as  in  fig.  1,  and  the 

are  poor  it  is  often  impossible  to  locate  this  plane 
;  the  crystals. 

miination  of  a  cleavage  plate  in  convergent  polarized 
3  the  trace  of  the  axial  plane,  however,  ana  enables 
iide  at  once  between  the  pyramids  and  hemidomes 
he  above  table,  but  since  the  inclination  of  the  angle 
^ht  it  is  still  impossible  to  tell  whether  they  are  in 
5  or  acute  angle.  In  the  present  case  the  orientation 
1  that  given  by  the  agreement  between  the  best  meas- 
and  the  calculated  angles  and  as  these  are  very  close 
ied  as  undoubtedly  correct. 

ny, — As  previously  mentioned  twinning  on  the  unit 
ery  common.     Cleavage  plates  in  polarized  light  are 
to  contain  lamellae  twinned  in  this  way. 
es  by  reflected  light  rarely  present  a  perfectly  plane 
ut  are  covered    with   slight  re-entrant   and   salient 

all   directions,  which    reflect,   on  the   goniometer, 
scattered  images  of  the  signal. 

nineral  was  orthorhombic  it  is  evident  that  the  bases 
:ergrown  twinned,  individuals  would  all   lie  in  one 

as  it  is  really   nionoclinic  these  small,  apparently 
^lesare  due  to  the  slight  inclination  of  a  (100) /v  c(OOl). 

♦Giorn.  Min.,  i,  1,  1890. 


99a         PinBM  amd  WttU—Ooaimfiuxi  ^f  IgadJ^iUU. 

They  tre  not  sqfficieiitty  I^ui^,  tiovever,  to  iirereot  a  eimtilti- ' 
neoQg  prodDctlciD  of  cleavxg«  over  tbe  twinned  iiidividualg  at 
a  whule. 

In  Hume  ases  it  appean  ns  if  the  eompoeition  face  in  twin- 
ning wa^  the  Inse  (O^^l  i.  Certain  eleava^  platen  examined  in 
cxinvctsent  light  diBplav  two  axial  images  anperimpoeed  upon 
each  otner,  the  lines  joining  the  fucal  points  of  tbe  lemniecate 
&tcnre«  being  at  angles  of  GO".  Sneh  a  method  of  twinning  a 
Hbe  that  of  the  niica^  and  c)i)orit«s  which  indeed  leadliillite 
with  its  pronoanced  b«sat  cleavage  and  eimalation  of  hexagonal 
Bjminetrj  resembles. 

To  this  may  l>e  due  as  sn^^eeted  by  Groth*  the  optical  char- 
acter of  the  doubtfnl  mineral  «nsauuite  which  was  determined 
to  be  uniaxial  by  Bertrandf  on  material  from  Matlock  and 
which  we  havo  contirmL-d  by  examination  of  a  cleavage  plate 
from  a  single  spe<^-inien  from  Lcadhills  in  the  Bruiili  cotlccliun. 


I'hy^iisU  jinijtfrtifM. — The  t-ftviiitj/i'  |>arutlel  to  the  base  ii 
ery  perfect  and  easily  prodnced-  The  lugf^tr  of  the  nainrsi 
ba&al  plane  is  pearly,  while  that  of  cleavage  plates  h  eometitnct 


pearly  and  sometimes  adamantine  like  that  of  the  faces  in  tbe 
prismatic  »)ne.  The  luster  of  the  ortho- pyramids  is  oftm 
dnil  or  lacking,  resnlting  from  innnmerable  microscopic  prt^ 
tings.  The  hardnat  is  nearly  3.  Tim  specif  gravity  is  <!'5+, 
which  agrees  almost  exactly  with  Hintsc's^  detertninalion, 
fl-.T47,  for  the  Sardinian  mineral.  Our  deierminatinii  wis- 
made  on  a  chemical  balance  at  '2h°  C.  with  a  pure  solid  fi-agiiieiil 
weighing  over  2  grm.  The  precaution  was  taken  to  reioove 
air  before  weighing  in  water,  by  placing  the  fragment  nnder 
wnter  in  a  vacnum.  To  nse  lioiling  water  at  HX)"  for  this  p^^ 
pose  is  inadmissible,  because  when  the  mineral  is  heatrd  in 
water  to  this  temperature,  it  becomeei  filled  with  a  multitnde 
of  cracks  and  afterwards  falls  to  powder  npon  the  applicallon 
of  a  slight  pressure. 

Optical  properlien. — Cleavage  plates  being  clear  and  eolo^ 
less  furnish  excellent  material  for  optical  investigation.  The 
axial  plane  is,  as  in  all  known  occurrences,  parallel  toa(lOO) 
and  tlie  acute  bitiectrix  praeticalty  perpendicular  to  c(iil.ll)' 
Tlie  optical  character  is  negative.  The  angle  of  the  optic 
a.xes  is  small  and  the  dispersion  sensibly  large,/*  <  y.  Tiiis  >na 
contirmed  by  measurement  of  a  plate  with  the  large  flies 
axiiil  angle  app;irHtusat  23"  C.  with  these  results. 

2  EtI    =20°  27' 

2  K^a  =30    08 

2  E  Li    =  1 S     .i2 

•Taliel.  UobeBiclit.  Min..  1889.  p.  62. 
tCompi.  Ueii.l..  1-tiivi.  p.  US,  ISTG. 
t  Povg.  Ann.,  clii,  p.  256. 
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lis  agrees  pretty  closely  with  the  observations  of  Descloi- 
X*  and  of  the  other  investigators  mentioned  in  this  article, 
randf  gives  2  Ey=72°  for  the  mineral  from  Matlock,  and 
exhibited  other  optical  anomalies  mentioned  by  him  the 
rrence  appears  to  need  confirmation  by  chemical  analysis. 
3  nsaal  tne  optic  angle  diminishes  rapidly  with  increase  of 
>erature.  Plates  placed  on  the  heating  attachment  for  the 
oscopic  of  Fuess  became  uniaxial  when  the  thermometer 
tered  about  100°C. ;  the  plates  themselves,  being  exposed 
e  air,  were  at  a  somewhat  lower  temperature.  During  the 
38sthe  turning  lamellae  disappear  as  noted  by  Hintze:{:  and 
ge§  and  the  plate  becomes  uniform  in  polarization.  In 
(ourse  of  a  day  or  so  the  uniaxial  character  disappears  and 
lorinal  one  is  resumed.  This  change  seems  to  be  due  to 
cnlar  rearrangement  as  the  mineral  does  not  suffer  any 
lical  change,  as  shown  by  the  careful  experiments  of 
ze.l 

china  figures. — The  monosymmetric  character  of  leadhil- 
s  well  shown  by  the  form  and  disposition  of  the  etching 
es  produced  on  the  basal  surface  of  cleavage  plates  by 
dilute  nitric  acid. 

fter  the  action  of  the  acid  has  continued  a  few  moments 
the  surface  has  been  rinsed  and  cleaned  with  water,  it  is 
d  to  be  covered  with  delicate  markings.  With  high 
jrs  of  the  microscope  these  are  resolved  into  shallow  pits 
»e  outline  on  the  surface  is  the  projection  of  a  nearly 
lateral  spherical  triangle. 

le  side  of  the  triangle  is  tangential  at  its  middle  point  to 
race  of  the  orthopinacoid  (100)  on  the  base  (001)  while 
opposite  angle  is  bisected  by  the  symmetry  plane.  The 
of  these  depressions  curve  towards  each  other  as  they 
md  and  either  end  in  a  dihedral  angle  or  in  a  small  plane 
h  truncates  it. 

ms  the  character  of  the  figures  produced  by  etching  is 
sely  similar  to  that  of  the  micas  described  and  figured  by 
nhauer^  and  shows  the  monoclinic  symmetry  in  the  same 

hen  the  action  of  the  acid  is  more  rapid,  the  etchings  run 
one  another  and  in  this  way  the  twinned  character  of 
^age  plates,  the  arrangement  of  the  twinned  bands  and 
rent  individuals  is  quite  clearly  brought  out. 
hemical  composition, — Although  leadhillite  has  been  fre- 
itly  analyzed,  its  chemical  composition  has  remained  some- 

topr.  Opt.,  2,  38  N.  R.  72,  1867.  +  Loc.  cit. 

0)rg  Ann ,  dii,  p.  259,  1874.  §  Jahr.  f.  Min.,  i,  pp.  63,  204,  1884. 

og((  Ann.,  clii,  p.  256. 

5eit  fur  Kryst,  vol  iii,  p.  113,  fig.  12,  1879. 


'i^'a^r 


what  doubtful.  Tlie  enrlier  inr^tigatoiv,  Inehidtn^  eueli  emi- 
nent elieiiiipts  ns  Burzliti*  antj  Slroiii«y«r,  failed  to  take  into 
account  the  oiiiall  aiitoniit  of  water  in  the  mineral,  so  that  its 
Doiiiposition  was  incorrectly  HupnoetHl  to  be  represented  bv  the 
formnia,  PbSO,.  3PbCO,. 

LaBpeyre*.  ill  1S72,  described  "maxite  "  a«  a  nc«-  mioerHl. 
which,  while  resembling  leadbillite  in  other  respects,  was 
hydrone.  The  qneetiou  of  the  identity  of  maxite  and  lead- 
hillitu  was  for  some  time  the  subjeet  of  a  considerable  amonot 
of  controversy,*  bnt  it  wae  satisfactorily  shown  by  Hiutzet 
that  leadhillitc  was  also  hydrous  and  that  there  was  therefore 
no  ground  for  considering  maxite  as  a  separate  species,  Bn<i 
this  was  finally  admitted  by  Laspeyres.! 

The  formnla  gii-en  to  masite  by  Laspeyres  was,  18FbO. 
9CO, .  5S0,  .  5H,0.  Hintze'e  formula  for  leadhillite  as  well 
as  niaxite  was,  TPhO  .  -iCO, .  2S0,  .  2H.0.  A  simpler  and 
more  rational  formula  has  been  recently  snt^estod  by  Groth.-i 
4PbO  .  SCO,  .  SO,  .  H,0.  The  calculated'^  compositions  and 
the  molecular  ratios  for  the  three  formulas  are  as  follows : 

Laspejr^s.  HiiilM.  Oroth. 

18Pb0.9CO,.6SO,.6H,0.  TPbO  .  «C0,  ,  3S0,.  Jfl.O.  *PI)0.  !CO,.SO,.H,0. 
HO  1'B4  \-B6  1-69  I 

SO,  8-16  6-27  J-53  1 

CO  808  B-U  8-28 

PbO  ei-92  '    80-76  82-49  1 

PbO  .     CO,  :     SO,     :     H5O. 

Lafpeyres,             3i  If           1              1 

HintEe,                  3|  2            1             t 

Groth,                  4  2            11 

A  comparison  of  the  above  shows  that  the  differences  ace 
not  large,  nnd  it  is  evident  that  slightly  impure  material  ot 
small  analytical  errors  would  account  for  the  variations  from 
Groth's  simple  formula.  It  is  to  be  noticed  also  that  the  deter- 
minations of  SO,,  made  in  leadhillite  before  it  was  known  to 
be  hydrous,  agree  much  more  closely  with  Groth's  fonniil* 
than  with  the  other  two,  A  list  of  these  as  cited  by  Hintzeis 
as  follows; 

SO, 

liei-zelina T'SS 

Stromeyer 7-21 

Thomson t-24 

Irving 7*6fl 

Berlrand 7-1  * 

'Laspeyres,  Jb.  Miu.,  1872,  «7,  508;  1873.292;  J.  pr.  Ch.,  N,  F.,  t,  410-. 
vii,  127;  liii,  370 ;  Bertrand.  Bull.  Soo.  Chita.,  lix,  IT ;  C.  R.  1ix«Ti,  348  ;  HinBfi' 
Pc^([.  Ann.,  clii,  256. 

t  Loo.  cLt.  JZeitschr.  Kryst,  18J7,  193. 

§  Tabell.  Uebersicht.  Mia.,  ISS9,  p.  62. 
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[t  will  be  shown  beyond  that  Groth's  formula  is  the  correct 
3,  and  it  is  evident  that  the  earlier  analysts  would  have 
ived  at  it  if  they  had  detected  and  determined  the  water. 
Cherrvical  Analysis, — Some  of  the  methods  that  have  been 
jviously  used  for  the  analysis  of  leadhillite  have  been  rather 
erely  criticized,  and  the  operation  has  been  characterized  as 
ended  with  difficulties.  It  seems  necessary,  therefore,  to 
e  the  process  used  in  the  present  investigation  with  some 
:ail. 

The  carefully  selected  material  was  pulverized,  and  about 
of  the  substance,  without  any  artificial  drying,  was  weighed 
a  platinum  boat.  The  boat  was  placed  in  a  dry  piece  of 
nbustion  tubing,  to  one  end  of  which  the  ordinary  appara- 
for  weighing  water  and  carbonic  acid  was  attached.  A 
w  stream  of  pure,  dry  air  was  passed  through  the  tube  and 
)aratus,  and  the  substance  was  heated  to  low  redness  until 
J  water  and  carbonic  acid  were  driven  off  and  absorbed  in 
\  weighed  apparatus.  The  sum  of  the  weights  of  the  water 
i  caroonic  acid  varied  but  0*07  per  cent  from  the  loss  in 
ight  of  the  substance.  The  water  in  the  calcium  chloride 
)e  was  neutral  to  litmus  paper,  thus  showing  that  no  SO, 
1  been  driven  off.  In  fact  a  much  higher  temperature  than 
it  used  will  not  decompose  lead  sulphate  if  reducing  gases 
)  absent.* 

The  ignited  substance  was  transferred  to  a  platinum  crucible 
1  fused  with  three  or  four  parts  of  sodium  and  potassium 
•bonates  to  which  a  ti*ace  of  potassium  nitrate  was  added, 
le  mass  was  treated  with  2  or  300^  of  hoi  water  to  which 
little  ammonium  carbonate  was  finally  added.  After  cool- 
^,  the  residue  was  filtered  off  and  washed.  Preliminary  ex- 
riments  had  shown  that  the  filtrate  from  this  contained 
ircely  a  trace  of  lead,  and  it  was  therefore  used  for  the  deter- 
nation  of  sulphuric  acid,  as  barium  sulphate,  in  the  usual 

The  insoluble  residue,  consisting  of  lead  oxide  with  some 
rbonate,  was  dissolved  in  dilute  nitric  acid.  The  solution 
18  complete  except  that  a  trace  of  lead  peroxide  remained 
lich  was  dissolved  in  a  little  hydrochloric  acid.  The  solution 
ntaining  all  the  lead  was  evaporated  with  sulphuric  acid,  and 
ter  taking  up  the  residue  with  water,  the  lead  sulphate  was 
Uected  in  a  Gooch  crucible,  ignited  to  low  redness  with  care- 
il  protection  from  the  action  of  reducing  gases  and  weighed, 
otbing  could  be  found  in  the  filtrate  from  the  lead  sulphate 
tcept  extremely  minute  traces,  probably  of  lead  and  iron. 

*  FreseDJus  states  that  lead  sulphate  does  Dot  lose  weight  at  the  most  intense 
^egg.    (Quant.  Anal ,  Analyt  Expt.  No.  52.) 


The  material  nsed  for  tlie  analysis  was  from  a  eingle  large 
cr^Btal  and  it  appeared  to  be  perfectly  pure.  It  bad  a  pale 
green  color  and  moderately  tbick  pieces  were  transpareiil 
The  resnlts  of  the  analysis  are  ae  followg : 


SO. 
B.0 


found, 
7-33 

a-u 

82-44 

1-86 

e«-59 


Csl(<ul>twl  for 
B»tio.  4PbO  ,  SCO,  .  SO, .  a 

1  7  53 

8  02  e-29 

4  04  62.4B 

1-02  1-89 

10000 


These  reenlts  show  that  the  mineral  has  the  formula 
PbSO. .  2PhC0. .  Fb(OH),  and  corresponds  to  the  composiiioii 
snggested  by  Groth,  thus  adding  one  mure  to  the  many  ca&w 
in  whicli  his  remarkable  acuteness  has  deduced  a  simpIiSed 
and  correct  formula  from  the  more  complicated  results  of  pre- 
vious investigations. 
Sheffleld  ScieotiUo  School,  New  Haveu.  Cona.,  Jaoe,  1S91. 


Art.  XXXII. — Tli6rmo-El«^rio  JTeighta  of  Antimony  and 
Bisiiuilk  Alloys ;  by  C.  C.  Hutchins. 

The  writer,  being  much  interested  in  the  preparation  and 
use  of  thermo-couples  of  very  small  mass,  nndertook  the  fol- 
lowing experiments  with  a  view  to  finding  the  best  combioa' 
tion  of  elements  for  the  purpose. 

Much  study  has  been  devoted  to  the  subject  already,  chiefly 
however  for  the  production  of  thermopiles  designed  to  replace 
ordinary  batteries.  The  extremely  brittle  alloys  or  snlpnides 
used  in  these  exclude  them  from  the  list  of  available  elements 
when  the  elements  are  to  be  made  very  thin  and  are  to  have 
several  soldered  joints. 

We  have  numerous  determinations  of  the  electromotive  force 
of  thermo-couples  by  Mattbiessen  and  others,  but  it  is  impos- 
sible to  repeat  their  experiments,  owing  to  the  want  of  metnod 
in  the  preparation  of  tlie  couples,  and  the  effects  of  impurities 
in  the  metals  used  by  them. 

The  effect  of  physical  state  of  the  metal  upon  its  thermo-elec- 
trie  height  is  clearly  seen  in  Jenkins'  table,  compiled  from 
Matthiesen's  experiments.  Here  the  thermo-electric  height  of 
antimony  pressed  wii-e  is  280  C.  Gr.  S.  unite;  bnt  for  the  same 
metal  with  the  equator  of  a  crystal  2640.     We  are  not  assured 
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lowever  that  the  wire  and  crystal  were  from  the  same  sample 
»f  metal. 

The  effect  of  impurities  can  be  seen  in  the  table  for  bismuth 
nd  tin  given  below,  where  it  is  seen  that  the  presence  of  a 
bird  of  one  per  cent  of  tin  is  sufficient  to  reverse  the  direction 
•f  the  electromotive  force  of  bismuth.  Plainly  then,  if  we  ex- 
pect to  arrive  at  anything  more  than  the  general  order  of  mag- 
litude  of  the  quantities  involved,  the  greatest  care  must  be 
aken  to  procure  materials  in  a  state  of  purity,  and  from  these 
aaterials  the  elements  must  be  prepared  in  a  uniform  manner. 


Apparatus, 

A  copper  bar,  1'5*^°*  square,  4^  loDg>  was  shaped  at  one  end 
o  a  truncated  wedge,  and  at  the  other  inserted  in  a  crossbar  of 
p^ood.  A  copper  block  was  held  upon  either  face  of  the  wedge 
>y  a  light  spring.  Under  these  blocks,  and  pressed  by  them 
gainst  the  faces  of  the  wedge,  pass  the  bars  of  the  thermo- 
ouple,  the  bars  meeting  V^  beyond  the  end  of  the  wedge, 
rhere  they  are  soldered.  The  insulation  between  the  bars,  the 
opper  blocks  and  the  wedge  was  effected  by  a  thin  film  of 
lard  varnish  only.  It  is  thought  that  by  the  above  means  the 
:onduction  of  heat  to  the  other  junctions  is  prevented,  and  at 
lie  same  time  the  insulation  was  found  to  be  complete.  The 
Lermo-junction  was  connected  with  a  sensitive  galvanometer 
ind  a  thousand  ohms  additional  resistance.  It  is  assumed  that 
he  galvanometer  deflections  produced  by  the  junctions  through 
his  circuit  are  proportional  to  the  electromotive  forces  of  the 
unctions. 

The  deflections  were  produced  as  follows.     Two  beakers  of 

water  were  provided,  one  at  the  temperature  of  the  room,  the 

>ther  at  a  higher  temperature.     The  water  in  each  was  at  such 

31  level  that  when  the  crossbar  above  spoken  of  rested  upon  the 

rim  of  the  beakers  the  junction  would  project  a  little  below 

the  surface  of  the  water.     Then  the  water  in  each  having  been 

stirred  and^  its  temperature  read  off,  the  junction  was  shifted 

Quickly  from  one  beaker  to  the  other,  and,  after  the  swing  of 

tne  galvanometer  needle,  back  again.     The  deflection  produced 

by  each  couple  under  experiment  was  compared  in  each  case 

^th  the  deflection  by  a  couple  of  fine  iron  and  copper  wires 

adopted  as  a  standard.     The  electromotive  force  of  the  standard 

jnnction  was  obtained  by  comparisons  with  a  standard  Daniels 

cell,  and  found  to  be  14:12  C.  G.  S.  units  at  a  temperature  of 

30°  mean. 
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Material  uml  prepiiralion. 

The  biemntli  was  prenarod  by  Joseph  Torrey  of  the  Harvard 
chemical  laboratory.  Mr.  Torrey  bas  made  the  pi-eparatioD  of 
pure  bisujutli  a  special  study  with  ii  view  to  the  nMleteniiination 
of  its  atomic  weight.  It  ii»  freed  from  lead  only  with  gieat 
difficulty,  and  it  is  worthy  of  note  that  the  samples  ueed  do  not 
show  the  lines  of  that  impurity  in  the  spark  spectrum. 

Tiie  antimony  employed  was  a  portion  of  that  prepared  bv 
Professor  Cook  for  his  research  upon  its  atomic  weights.  The 
lead,  which  was  made  one  element  in  all  the  junctions,  was 
prei)arod  by  electrolysis  from  the  pui-e  acetate. 

The  metals  are  cast  in  thin  laminib  as  follows.  Two  pieces 
of  plate  glass  are  smoked  slightly,  or  are  very  finely  pronud 
ana  rubbed  with  plumbago.  Th«  metal  being  melted  upon 
charcoal  or  under  fused  sodium  chloride,  a  little  pool  is  ]Kiared 
upon  one  plate  and  the  other  is  applied  to  it  as  qnickly  as  por 
sible.  In  this  way  a  leaf  of  very  small  thickness  is  obtained, 
vrhich  can  be  out  into  narrow  strips  witli  a  straight-edge  ami 
a  thin  graver. 

Jlesi'lts. 

The  following  table  ^ves  in  column  a  the  composition  of 
the  alloy  forming  one  element  of  the  junction,  the  other  ele- 
ment beine  pure  lead  ;  iu  t  the  mean  temperature  of  the  W 
aud  cold  ]iinctiiiiif; :  in  /'  x\w  (iilTcri'iicc  nf  tomjionititrf :  m'l 
the  galvanometer  deflection  per  degree  difference  of  tempera- 
ture :  in  A  the  thermo-electric  height  relative  to  lead.  Tbe 
signs  in  column  h  are  in  accordance  with  the  convention  that 
for  the  Peltier  effect  a  current  running  down  generates  heat. 
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1 
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-      1645 

60 

40 
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3 
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70 

30 

31-4 

24-2 

4 
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39^2 

80 

20 
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22-7 

5 
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53?-i 

90 

10 

320 

21-5 
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576 
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95 

5 

31-2 

24-5 
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61»-2 
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2-0 

30-3 

22'5 

7 

220 

6796 

98-75 

1-26 

29-6 

■24-6 

5 

558 

52-V2 

Commercial  Bi 

30-0 

25-2 

4 

323 

4ilfi9 

Pure  Bi 

33-0 

26-0 

6 

86S 
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a 


V 


Sn 

50 

28-9 

25-7 

0-929   +    875 

40 

32-1 

21-2 

1-333 

1266 

30 

32-0 

20-0 

2-139 

2014 

20 

29-9 

25-2 

3-109 

2926 

10 

31-5 

23-1 

4-790 

4609 

5 

31-5 

23-1 

4-860 

4502 

2-5 

30-3 

26-7 

4-400 

4134 

1-26 

300 

26-1 

3-666 

3348 

0-75 

30-6 

26-1 

1-376 

1296 

0*37 

30-0 

23-0 

0-044 

41 

Sb 

100 

33-0 

26-0 

3-462   +   3267 

95 

29-6 

25-7 

0-846 

793 

90 

30-0 

29-5 

0-824 

777 

80 

28-4 

27-7 

1-496 

1408 

70 

28-0 

280 

1-296 

1220 

60 

28-1 

28-2 

1-330 

1264 

60 

31-1 

23-3 

0-662 

614 

30 

31-7 

22-4 

0-229 

216 

20 

30-9 

19-8 

0-113 

107 

lercial  Sb 

30-0 

30-4 

2-678 

2520 

Bi 

99-75 

28-8 

26-7 

3-260   +   3801 

99-50 

29-9 

30-7 

3-460 

4067 

99-00 

31-7 

20-5 

2-760 

8207 

98-75 

29-2 

27-5 

2-710 

3160 

97-50 

31-9 

18-8 

2-260 

2642 

95-00 

28-7 

23-4 

1-740 

2000 

90-00 

30-4 

23-8 

1-202 

1401 

80-00 

31-9 

19-8 

0-424 

495 

0-00 

29-6 

21-1 

0-296 

346 

ispection  of  tlie  table  shows  that  the  best  combination 
lermo-junction  from  these  alloys  is, — for  one  element 
with  from  two  to  five  per  cent  antimony ;  and  for  the 
ismuth  with  from  five  to  ten  per.  cent  tin.  Both  of 
loys  are  easily  cast  into  very  thin  leaves  by  the  method 
lescribed,  and  can  then  be  worked  with  a  tine  tile  as 
>03""  and  are  sufiiciently  tough  to  stand  ordinary  treat- 

rding  to  Boys  the  Elliot  Bros,  instrument  makers,  use 
thermopiles  alloys  of  bismuth  thirty-two  parts,  antimony 
t,  and  bismuth  twelve  parts,  tin  one  part. 
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A  junction  of  two  very  thin  bars  of  bienjuth  with  two  i*r 
cent  aQtimony,  and  biemntL  with  ton  per  cent  tin  (which  on 
the  whole  eeem  to  be  the  beet  combinatioD)  exhibited  the  fol- 
lowing properticB: 

Mean  temp,  of  junctions       7'-3     ]7*-0     SS'^O     SI'S     SB'-T 
E.  M.  F.  per  degreo  lliso  11670    12060    l-24li>  U'fi30 

Plotting  these  points  wc  find  them  to  lie  nearly  nnon  a 
Btmight  line,  from  the  slope  of  which  we  get,  for  ordinafT 
temperature,  the  electromotive  foi-ce  of  this  junction  :— 
1071*0+41/.    C.  G.  S.  units. 

Bhnwth  and  Salenitmt. 

Melted  0'5^"'  selenium  and  IS*"  hiemuth  at  iirst  forniei  a 
pasty  masB  which  became  fluid  only  above  a  red  beat.  It  was 
easily  cast  into  leaves;  extremely  brittle  and  soldered  witb 
diffienlty.  The  combination  was  evidently  a  mixture  mtber 
than  ft  true  alloy,  for  when  allowed  to  cool  slowly  most  of  tie 
selenium  separated.  Several  of  these  mixtures  were  tested  but 
were  found  to  exhibit  but  feeble  electromotive  force. — lea 
titan  half  that  of  the  iron-copper  junction. 
Bowdoin  Oollvg*,  Uaj-,  IBM. 


Art.  XXXIII. —  On  the  Magnitude  of  the  Solar  SyaUm;  being 
the  address  delivered  before  the  American  Association  for 
the  Advancement  of  Science  at  its  Brooklyn  meeting,  August 
16, 1894,  by  the  retiring  president,  Wm.  Bareness. 

Nature  may  be  studied  in  two  widely  different  ways.  On 
the  one  hand  we  may  employ  a  powerful  microscope  which  will 
render  visible  the  minutest  forms  and  limit  our  field  of  view 
to  an  infinitessimal  fraction  of  an  inch  situated  within  a  foot 
of  our  own  noses ;  or  on  the  other  hand,  we  may  occupy  some 
commanding  position  and  from  thence,  aided  perhaps  by  a 
telescope,  we  may  obtain  a  comprehensive  view  of  an  extensive 
region.  The  first  method  is  that  of  the  specialist,  the  second  is 
that  of  the  pliilosopher,  but  both  are  necessary  for  an  adequate 
understanding  of  nature.  The  one  has  brought  us  knowledge 
wherewith  to  defend  ourselves  against  bacteria  and  microbes 
which  are  among  the  most  deadly  enemies  of  mankind,  and  the 
other  has  made  us  acquainted  with  the  great  laws  of  matter 
and  for<:e  upon  which  rests  the  whole  fabric  of  science.  All 
nature  is  one,  but  for  convenience  of  classification  we  have 
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divided  our  knowledge  into  a  number  of  sciences  whicli  we 
Qsually  regard  as  quite  distinct  from  each  other.  Along  cer- 
tain lines,  or  more  properly,  in  certain  regions,  these  sciences 
necessarily  abut  on  each  other,  and  just  there  lies  the  weakness 
of  the  specialist.  He  is  like  a  wayfarer  who  always  finds 
obstacles  in  crossing  the  boundaries  between  two  countries, 
while  to  the  traveler  who  gazes  over  them  from  a  commanding 
eminence  the  case  is  quite  different.  If  the  boundary  is  an 
ocean  shore  there  is  no  mistaking  it ;  if  a  broad  river  or  a 
3hain  of  mountains  it  is  still  distinct ;  but  if  only  a  line  of  posts 
traced  over  hill  and  dale,  then  it  becomes  lost  in  the  natural 
features  of  the  landscape,  and  the  essential  unity  of  the  whole 
region  is  apparent.  In  that  case  the  border  land  is  wholly  a 
buman  conception  of  which  nature  takes  no  cognizance,  and  so 
it  is  with  the  scientific  border  land  to  which  I  propose  to  invite 
jronr  attention  this  evening. 

To  the  popular  mind  there  are  no  two  sciences  further  apart 
than  astronomy  and  geology.     The  one  treats  of  the  structure 
ind  mineral  constitution  of  our  earth,  the  causes  of  its  physical 
Features  and  its  history,  while  the  other  treats  of  the  celestial 
bodies,  their  magnitudes,  motions,  distances,  periods  of  revolu- 
tion, eclipses,  order,  and  of  the  causes  of  their  various  phe- 
nomena.    And  yet  many,  perhaps  I  may  even  say  most  of  the 
apparent  motions  of  the  heavenly  bodies  are  merely  reflections 
Df  the  motions  of  the  earth,  and  in  studying  them  we  are  really 
studying  it.     Furthermore,  precession,  nutation  and  the  phe- 
aomenaof  the  tides  depend  largely  upon  the  internal  structure 
^f  the  earth,  and  there  astronomy  and  geology  merge  into  each 
3ther.      Nevertheless  the   methods   or  the  two  sciences  are 
widely  different,  most  astronomical  problems  being  discussed 
:juantitatively  by  means  of  rigid  mathematical  formulae,  while 
in  the  vast   majority  of  cases  the   geological   ones   are   dis- 
iJussed  only  qualitatively,  each  author  contenting  himself  with 
1.  mere  statement  of  what  he  thinks.     With  precise  data  the 
methods  of  astronomy  lead  to  very  exact  results,  for  mathe- 
matics is  a  mill  which  grinds  exceeding  fine;    but  after  all, 
what  comes  out  of  a  mill  depends  wholly  upon  what  is  put 
into  it,  and  if  the  data  are  uncertain,  as  is  the  case  in  most  cos- 
tnological   problems,   there   is   little   to   choose    between   the 
mathematics  of  the  astronomer  and  the  guesses  of  the  geologist. 
If  we  examine  the  addresses  delivered  by  former  presidents 
of  this  Association,  and  of  the  sister — perhaps  it  would  be 
Dearer  the  truth  to  sav  the  parent  Association  on  the  other  side 
of  the  Atlantic,  we  shall  find  that,  they  have  generally  dealt 
either  with  the  recent  advances  in  some  broad  field  of  science, 
or  else  with  the  development  of  some  special  subject.     This 
evening  I  propose  to  adopt  the  latter  course,  and  I  shall  invite 
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your  attention  to  the  present  condition  of  our  knowledge 
respecting  the  niagnitiiae  of  the  solar  system,  but  in  so  doine 
it  will  be  necessnrj  to  introduce  some  considerations  derim 
from  laboratory  experiments  npon  the  Inminifcrous  ether, 
others  derived  from  experiments  ui>on  ponderable  matter,  and 
still  others  relating  both  to  tht!  enrface  phenomena  und  to  the 
internal  structure  of  the  earth,  and  tbna  we  shall  deal  largely 
with  the  border  land  where  astronomy,  physics  and  (jeotogj 
merge  into  each  other. 

The  relative  distances  of  the  vaiions  bodies  which  coinjKis* 
the  eolar  system  can  be  determined  to  a  considerable  degree  of 
approximation  with  very  crude  instruments  afi.soon  as  the  true 
plan  of  the  system  becomes  known,  and  that  plan  was  tau^lit 
by  Pythagoras  more  than  iive  hundred  years  before  Christ, 
It  most  have  been  known  to  the  Egyptians  and  Chaldeans  stiil 
earlier,  if  Pythagoras  really  acriuired  hie  knowledge  of  astron- 
omy from  them  as  is  affirmed  by  some  of  the  ancient  writers, 
but  on  that  point  there  is  no  certainly.  In  public  Pythagorss 
seemingly  accepted  the  current  l)elief  of  bis  time,  which  made 
the  earth  the  center  of  the  universe,  but  to  his  own  chosen  die- 
iiiples  he  communieatud  the  true  doctrine  that  the  sun  oeenpes 
the  center  of  the  solar  system,  and  that  the  earth  is  only  one  of  I 
the  planets  revolving  around  it.  Liku  all  the  world's  greater  \ 
sages,  he  seems  to  have  taught  only  orally.  A  century  elapsed 
before  his  doctrines  were  reduced  to  writing  by  Philolans  of 
Crotona,  and  it  was  still  later  before  they  were  taught  in  pnb- 
lic  for  the  fii-st  time  by  Hicetas,  or  as  he  is  sometimes  called 
Nicetas,  of  Syracuse.  Then  the  familiar  cry  of  impiety  was 
raised,  and  the  Pythagorean  system  was  eventually  suppresBed 
by  that  now  called  the  Ptolemaic  which  held  the  field  until  it 
was  overthrown  by  Coj>ernieus  almost  two  thousand  yea" 
later.  Pliuy  tells  us  that  Pythagoras  believed  the  distances  W 
the  sun  and  moon  to  be  respectively  252,000  and  13,600  stadi», 
or  taking  the  stadium  at  625  feet,  29,837  and  1492  Enfflish 
miJes;  hut  there  is  oo  record  of  the  method  by  which  tliew 
numbers  were  ascertained. 

After  the  relative  distances  of  the  various  planets  are  known, 
it  only  remains  to  determine  the  scale  of  the  system,  for  which 
purpose  the  distance  between  any  two  planets  suffices.  We 
know  little  about  the  early  history  of  the  subject,  bnt  it  is  cleaf 
that  the  primitive  astronomers  must  have  found  the  quantities 
to  be  measured  too  small  for  detection  with  their  instruments, 
and  even  in  modem  times  the  problem  has  proved  to  he  an 
extremely  difficult  one.  Aristarcns  of  Samos  who  flourished 
aliout  270  B.  C.  seems  to  have  been  the  first  to  attack  it  in  a 
scientific  manner.  Stated  in  modern  language,  bis  reasoning 
was  that  when  the  moon  is  exactly  half  fulT,  the  earth  and  sun 
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LS  seen  from  its  center  must  make  a  right  angle  with  each 
)ther,  and  by  measuring  the  angle  between  the  sun  and  moon, 
18  seen  from  the  earth  at  that  instant,  all  the  angles  of  the  tri- 
ingle  joining  the  earth,  sun  and  moon  would  become  known, 
md  thus  the  ratio  of  the  distance  of  the  sun  to  the  distance  of 
;he  moon  would  be  determined.  Although  perfectly  correct  in 
;heory.  the  diflSculty  of  deciding  visually  upon  the  exact  instant 
^hen  the  moon  is  half  full  is  so  great  that  it  cannot  be  accurately 
ione  even  with  the  most  powerful  telescopes.  Of  course  Aris- 
arcus  had  no  telescope,  and  he  does  not  explain  how  he  effected 
;he  observation,  but  his  conclusion  was  that  at  the  instant  in  ques- 
;ion  the  distance  between  the  centers  of  the  sun  and  moon,  as 
;een  from  the  earth,  is  less  than  a  right  angle  bv  ^V  P^^^  ^^  ^^^ 
;ame.  We  should  now  express  this  by  saying  that  the  angle  is 
J7  degrees,  but  Aristarcus  knew  nothing  of  trigonometry,  and 
n  order  to  solve  his  triangle,  he  had  recourse  to  an  ingenious,  but 
ong  and  cumbersome  geometrical  process  which  has  come 
lown  to  us,  and  affords  conclusive  proof  of  the  condition  of 
jrreek  mathematics  at  that  time.  Ilis  conclusion  was  that  the 
inn  is  nineteen  times  further  from  the  earth  than  the  moon, 
md  if  we  combine  that  result  with  the  modern  value  of  the 
noon's  parallax,  viz  :  3422*38  seconds,  we  obtain  for  the  solar 
3arallax  180  seconds,  which  is  more  than  twenty  times  too 
jreat. 

The  only  other  method  of  determining  the  solar  parallax 
cnown  to  the  ancients  was  that  devised  by  Hipparchus  about 
150  B.  C.  It  was  based  on  measuring  the  rate  of  decrease  of 
;he  diameter  of  the  earth's  shadow  cone  by  noting  the  duration 
)f  lunar  eclipses,  and  as  the  result  deduced  from  it  happened  to 
>e  nearly  the  same  as  that  found  by  Aristarcus,  substantially 
lis  value  of  the  parallax  remained  in  vogue  for  nearly  two 
honsand  years,  and  the  discovery  of  the  telescope  was  required 
:o  reveal  its  erroneous  character.  Doubtless  this  persistency 
w^as  due  to  the  extreme  minuteness  of  the  true  parallax,  which 
ive  now  know  is  far  too  small  to  have  been  visible  upon  the 
mcient  instruments,  and  thus  the  supposed  measures  of  it  were 
•eally  nothing  but  measures  of  their  inaccuracy. 

The  telescope  was  first  pointed  to  the  heavens  by  Galileo  in 
1609,  but  it  needed  a  micrometer  to  convert  it  into  an  accurate 
neasuring  instrument,  and  that  did  not  come  into  being  until 
1639  when  it  was  invented  by  Wm.  Gascoigne.  After  his 
ieath  in  1644,  his  original  instrument  passed  to  Richard  Town- 
ley  who  attached  it  to  a  fourteen  foot  telescope  at  his  resi- 
dence in  Townley,  Lancashire,  England,  where  it  was  used  by 
Flamsteed  in  observing  the  diurnal  parallax  of  Mars  during  its 
opposition  in  1672.  A  description  of  Gascoigne's  micrometer 
was  published  in  the  Philosophical  Transactions  in  1667,  and 
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a  little  before  that  a  similar  iiietrunient  had  been  invented  h; 
Anzotit  in  France,  bnt  observatories  were  fewer  then  tlian  now, 
and  so  far  as  I  know  J  D.  Cassini  wae  the  only  person  beside 
Flamstcetl  who  attempted  to  detennine  the  solar  parallax  from 
that  opposition  of  Mars.  Foreseeing  the  importance  of  the 
opportunity,  he  had  Richer  dispatclicd  to  Cayenne  some 
months  previously,  and  when  the  opposition  came  ho  effected 
two  determinations  of  the  parallax ;  one  being  by  the  dinmal 
method,  from  his  own  observations  in  Paris,  and  the  other  by 
the  meridian  method,  from  observations  in  France  by  himself, 
ROmer  and  Picard,  combined  with  those  of  Richer  at  Cayenne, 
This  was  the  transition  from  the  ancient  instruments  with  open 
sights  to  telescopes  armed  with  micrometers,  and  the  result 
must  have  been  little  short  of  stunning  to  the  seventeenth  cen- 
tury astronomers,  for  it  cansed  the  hoary  and  gigantic  parallai 
of  about  180  seconds  to  shrink  incontinently  to  ten  seconds, 
and  thus  expanded  their  conception  of  the  solar  syatem  to  some- 
thing like  its  true  dimensions.  More  than  fifty  years  previonely 
Kepler  had  argued  from  his  Ideas  of  the  celestial  harnioDiw 
tliat  the  solar  parallax  could  not  exceed  00  seconds,  and  h  lictle 
later  Horrocks  had  shown  on  more  scientific  grounds  that  it 
was  probably  as  small  as  14  seconds,  but  the  final  death  blow 
to  tlie  ancient  values  ranging  as  high  as  two  or  three  minutes 
came  from  these  observations  of  Mai's  by  Flanisteed,  Cassini 
and  Richer. 

Of  course  the  results  obtained  in  1673  produced  a  keea 
desire  on  the  part  of  astronomers  for  further  evidence  respect- 
ing the  true  value  of  the  parallax,  and  as  Mars  comes  into  a 
favorable  position  for  such  investigations  only  at  intervals  of 
about  sixteen  yeai-s,  they  had  recourse  to  observations  of  Mer- 
cury and  Venus.  In  1677  Halley  observed  the  diurnal  paral- 
lax of  Mercury,  and  also  a  transit  of  that  planet  across  the 
sun's  disk,  at  St.  Helena,  and  in  1681  J.  D.  Cassini  and  Picard 
observed  Venus  when  she  was  on  the  same  parallel  with  the 
sun,  but  although  the  observations  of  Venus  gave  better  results 
than  those  of  Mercury,  neither  of  them  was  conclusive,  and 
we  now  know  that  such  methods  are  inaccurate  even  with  the 
powerful  instruments  of  the  present  day.  Nevertheless  Hal- 
ley's  attempt  by  means  of  the  transit  of  Mercury  ultimately 
bore  fruit  in  the  shape  of  his  celebrated  paper  of  1716,  wherein 
he  showed  the  peculiar  advantages  of  transits  of  Venus  for 
determining  the  solar  parallax.  The  idea  of  utilizing  such 
transits  for  this  purpose  seems  to  have  been  vaguely  conceived 
by  James  Gregory,  or  perhaps  even  by  Horrocke,  but  Hallej 
was  the  first  to  work  it  out  completely,  and  long  after  his 
death  his  paper  was  mainly  instrumental  in  inducing  the 
iuts  of  Europe  to  undertake  the  observations  of  the 
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its  of  Venus  in  1761  and  1769,  from  which  our  first  accu- 
knowledge  of  the  sun's  distance  was  obtained, 
.ose  who  are  not  familiar  with  practical  astronomy  may 
ler  why  the  solar  parallax  can  be  got  from  Mars  and 
as,  but  not  from  Mercury,  or  the  sun  itself.  The.explana- 
depends  on  two  facts.  Firstly,  the  nearest  approach  of 
5  bodies  to  the  earth  is  for  Mars  33,874,000  miles,  for 
IS  23.654,000  miles,  for  Mercury  47,985,000  miles  and  for 
sun  91,239,000  miles.  Consequently,  for  us  Mars  and 
as  have  very  much  larger  parallaxes  than  Mercury  or  the 
and  of  course  the  larger  the  parallax  the  easier  it  is  to 
ure.  Secondly,  even  the  largest  of  these  parallaxes  must 
3termined  within  far  less  than  one-tenth  of  a  second  of  the 
I,  and  while  that  degree  of  accuracy  is  possible  in  measure- 
ehort  arcs,  it  is  quite  unattainable  in  long  ones.  Hence 
3f  the  most  essential  conditions  for  the  successful  measure- 
b  of  parallaxes  is  that  we  shall  be  able  to  compare  the  place 
lie  near  body  with  that  of  a  more  distant  one  situated  in 
same  region  of  the  sky.  In  the  case  of  Mars  that  can 
ys  be  done  by  making  use  of  a  neighboring  star,  but  when 
Qs  is  near  the  earth  she  is  also  so  close  to  the  sun  that  stars 
Qot  available,  and  consequently  her  parallax  can  be  satis- 
>rily  measured  only  when  her  position  can  be  accurately 
Ted  to  that  of  the  sun,  or  in  other  words,  only  during  her 
jits  across  the  sun's  disk.  But  even  when  the  two  bodies 
e  compared  are  sufficiently  near  each  other,  we  are  still 
arrassed  by  the  fact  that  it  is  more  difficult  to  measure  the 
nee  between  the  limb  of  a  planet  and  a  star  or  the  limb  of 
iun  than  it  is  to  measure  the  distance  between  two  stars, 
since  the  discovery  of  so  many  asteroids,  that  circumstance 
led  to  their  use  for  determinations  of  the  solar  parallax. 
8  of  these  bodies  approach  within  75,230,000  miles  of  the 
I's  orbit,  and  as  they  look  precisely  like  stars,  the  increased 
racy  of  pointing  on  them  fully  makes  up  for  their  greater 
nee,  as  compared  with  Mars  or  Venus, 
fter  the  Copernican  system  of  the  world  and  the  Newtonian 
ry  of  gravitation  were  accepted  it  soon  became  evident 
trigonometrical  measurements  of  the  solar  parallax  might 
upplemented  by  determinations  based  on  the  theory  of 
itation,  and  the  first  attempts  in  that  direction  were  made 
lachin  in  1729  and  T.  Mayer  in  1753.  The  measurement 
le  velocity  of  light  between  points  on  the  earth's  surface, 
effected  by  Fizeau  in  1849,  opened  up  still  other  possibili- 
and  thus  for  determining  the  solar  parallax  we  now  have 
ar  command  no  less  than  three  entirely  distinct  classes  of 
lods  which  are  known  respectively  as  the  trigonometrical, 
gravitational    and   the    photo-tachy metrical.      We    have 
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already  f^\'Q\i  a  Biimraary  sketch  of  tlie  trigonometrical  iiietli- 
o(is,  as  applied  by  the  ancient  astronoinera  to  the  diclioiorair 
and  shadow  cono  of  the  moon,  and  hy  the  moderns,  to  VeniWf 
Mai-B  and  the  asteroids,  and  we  shall  next  glance  brletly  at  ihB 
gmvitational  and  photo-tachymetrical  metbode. 

The  gravitational  results  which  enter  directly  or  indirectly 
into  the  solar  parallax  are  six  in  number,  to  wit :  first,  tbe  reli- 
tion  of  the  moon's  mass  to  the  tides ;  second,  the  relation  of 
the  moon's  mass  and  parallax  to  the  force  of  gravity  at  the 
earth's  surface;  third,  tlie  relation  of  the  eolar  parallax  to  tlie 
aiOfises  of  the  earth  and  moon ;  fonrth,  the  relation  of  the  solur 
and  Innar  parallaxes  to  the  moon's  mass  and  parallactic  ineqtial 
ity ;  fifth,  the  relation  of  the  solar  and  lunar  parallaxes  to  the 
moon's  mass  and  the  earth's  lunar  inequality;  sixth,  the  rela- 
tion of  the  constants  of  nutation  and  precession  to  the  moon'f 
parallax. 

Respecting  the  first  of  these  relations  it  is  to  be  remarked 
that  the  tide- producing  forces  are  the  attraction  of   the  fciin 
and  rnoon  upon  the  watere  of  the  ocean,  and  from  the  ratio  of 
these  attractions  the  moon's  mass  can  readily  be  determineii. 
But  unfortunately  the  ratio  of  the  solar  tides  to  the  lunar  tide?  i' 
affected  both  by  the  depth  of  the  sea  and  by  the  character  of  the  j 
channels  through  which  the  water  tlowa,  and  for  that  reason  tbe  J 
observed  ratio  of  these  tides  requires  multiplication  fayacoPH 
reeling  factor  in  order  to  convert  it  into  the  ratio  of  the  foi-ce*.  ■ 
The  matter  is  further  complicated  by  this  correcting  factor  I 
varying  from   port  to  port,   and   in  order  to  get  satisfactoij  I 
results  long  series  of  observations  are  necessary.     The  labor  I 
of  deriving  the  moon's  mass  in  this  way  was  formerly  so  grot   | 
that  for  more  than  half  a  century  La  Place's  determination 
from  the  tides  at  Brest  remained  unique,  but  the  recent  appli- 
cation of  harmonic  analysis  to  the  data  supplied  by  self-rois- 
tering tide  gauges  ia  likely  to  yield  abundant  reaalts  in  thfl 
near  future. 

Our  second  gravitational  relation,  viz:  that  connecting  tbe 
moon's  mass  and  parallax  with  tbe  force  of  gravity  attbfl 
earth's  surface,  affords  an  indiret^t  method  of  determining  tbe 
moon's  parallax  with  very  great  accuracy  if  the  computation  i* 
carefully  made,  and  with  a  fair  approximation  to  the  triitb 
even  wuen  the  data  arc  exeeedincly  crude.  To  illustniti'  tlii*- 
let  us  see  what  could  be  done  witli  a  railroad  transit  such  as  if 
commonly  used  by  surveyors,  a  steel  tape,  and  a  fairly  good 
watch.  Neglecting  small  corrections  due  to  the  flattening  of 
the  earth,  the  centrifugal  force  at  its  surface,  the  eccentricitj 
of  its  orbit,  and  tbe  mass  of  the  moon  ;  the  law  of  gravitation 
shows  that  if  we  multiply  together  the  length  of  the  seconds 
pendulum,  the  square  of  the  radius  of  the  earth,  and  tbe  square 
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f  the  length  of  the  sidereal  month,  divide  the  product  by 
>ar,  and  take  the  cube  root  of  the  quotient,  the  result  will  be 
le  distance  from  the  earth  to  the  moon.  To  find  the  length 
f  the  seconds  pendulum  we  would  rate  the  watch  by  means  of 
le  railroad  transit,  and  then  making  a  pendulum  out  of  a 
pherical  leaden  bullet  suspended  by  a  fine  thread,  we  would 
djust  the  length  of  the  thread  until  the  pendulum  made 
xactly  300  vibrations  in  five  minutes  by  the  watch.  Then, 
ipposing  the  experiment  to  be  made  here,  or  in  New  York 
Jity,  we  would  find  that  the  distance  from,  the  point  of  suspen- 
lon  of  the  thread  to  the  center  of  the  bullet  was  about  39|^ 
iches,  and  dividing  that  by  the  number  of  inches  in  a  mile, 
\z :  63,360,  we  would  have  for  the  length  of  the  seconds 
•endalum  one  sixteen  hundred  and  twentieth  of  a  mile.  The 
ext  step  would  be  to  ascertain  the  radius  of  the  earth,  and  the 
luickest  way  of  doing  so  would  probably  be,  first  to  determine 
he  latitude  of  some  point  in  New  York  City  by  means  of  the 
ailroad  transit,  next  to  run  a  traverse  survey  along  the  old 
Poet  Road  from  New  York  to  Albany,  and  finally  to  determine 
ie  latitude  of  some  point  in  Albany.  The  traverse  survey 
should  surely  be  correct  to  one  part  in  three  hundred,  and  as 
the  distance  between  the  two  cities  is  about  two  degrees,  the 
diflference  of  latitude  might  be  determined  to  about  the  same 
percentage  of  accuracy.  In  that  way  we  would  find  the  length 
of  two  degrees  of  latitude  to  be  about  138  miles,  whence  the 
earth's  radius  would  be  3953  miles.  It  would  then  only  remain 
to  observe  the  time  occupied  by  the  moon  in  making  a  sidereal 
revolution  around  the  earth,  or  in  other  words  the  time  which 
she  occupies  in  moving  from  any  given  star  back  to  the  same 
star  again.  By  noting  that  to  within  one-quarter  of  her  own 
diameter  we  would  soon  find  that  the  time  of  a  revolution  is 
about  27'32  days,  and  multiplying  that  by  the  number  of  sec- 
onds in  a  day,  viz :  86,400,  we  would  have  for  the  length  of 
the  sidereal  month  2,360,000  seconds.  With  these  data  the 
computation  would  stand  as  follows ;  the  radius  of  the  earth, 
3953  miles,  multiplied  by  the  length  of  a  sidereal  month, 
2,360,000  seconds,  and  the  product  squared,  gives  87,060,000,- 
00O,O<  10,000,000.  Multiplying  that  by  one-fourth  of  the  length 
of  the  seconds  pendulum,  viz  :  1/6480  of  a  mile,  and  extracting 
the  cube  root  of  the  product,  we  would  get  237,700  miles  for 
the  distance  from  the  earth  to  the  moon,  which  is  only  about 
850  miles  less  than  the  truth,  and  is  certainly  a  remarkable  result 
considering  the  crudeness  of  the  instruments  by  which  it  might 
be  obtained.  Nevertheless,  when  all  the  conditions  are  rigor- 
oosly  taken  into  account  these  data  are  to  be  regarded  as  deter- 
mining the  relation  between  the  moon's  mass  and  parallax 
rather  than  the  parallax  itself. 


Our  third  grnvitational  relation,  to  wit :  that  existing  betffeen 
the  solar  parallax,  the  solar  attractive  force  and  the  inaeeeaof 
the  earth  and  moon,  is  analogous  to  the  relation  existing  be- 
tween the  inoon'e  masB  and  parallax  and  the  force  of  gmvitj 
at  the  earth's  snrfaco.  hut  it  can  not  be  applied  in  exactiv  tu 
same  wh\  on  aeconnt  of  our  inability  to  swing  a  pendulua 
on  the  6un  We  am  therefore  compelled  to  adopt  some  other 
method  of  determining  the  Hiin's  attractive  force,  and  the  mort 
aMtihible  is  that  which  coniiiHtB  in  obEerving  the  pertnrbatiTC 
action  of  the  eartli  and  muoii  npon  our  nearest  planetary  neieh- 
borii,  Venus  and  Mars.  From  Ibis  iiction  the  law  of  graviu- 
tion  enables  ue  to  dotennine  the  ratio  of  the  Bun'e  mass  to  tlic 
cotnbined  masses  of  the  earth  and  inoon,  and  then  the  relatita 
in  question  furnishes  a  means  of  comparing  the  masses  so  foond 
witii  trigouomctrieal  determinations  of  the  solar  parallax. 
Thus  it  appeal's  that  notwithstanding  neceaaary  differences  iu 
the  methods  of  procedure,  the  analogy  between  the  second  and 
third  gravitational  relations  holds  not  only  with  respect  to  tbeir 
theoretical  basis,  but  also  in  their  practical  application,  the  one 
being  used  to  determine  the  relation  hotwecii  the  mass  of  tk 
moon  and  its  distance  from  the  earth,  and  the  other  to  dete^ 
mine  the  relation  lietween  the  combined  masses  of  the  earlii 
and  moon  and  their  distance  from  the  «au. 

Our  fonrth  gravitational  relation  deals  with  the  connection 
between  the  solar  parallax,  tlie  lunar  parallax,  the  moon's  mass 
and  the  moon's  parallactic  Inequality.  The  important  quaoti- 
ties  are  here  the  solar  parallax  and  the  moon's  parallac^c 
inequality,  and  although  tae  derivation  of  the  complete  expro- 
sion  for  the  connection  between  them  is  a  little  complicated, 
there  is  no  difficulty  in  getting  a  general  notion  of  the  forces 
involved.  As  the  moon  moves  around  the  earth  she  is  alter- 
nately without  and  within  the  earth's  orbit.  When  she  i* 
without,  the  sun's  attraction  on  her  acts  with  that  of  the  enrtb; 
when  she  is  within,  the  two  attractions  act  in  opposite  direc- 
tions. Thus  in  effect  the  centripetal  force  holding  the  moon 
to  the  earth  is  alternately  increased  and  diminished,  with  the 
result  of  elongating  the  moon's  orbit  towards  the  sun  and  eoni- 
pressing  it  on  the  opposite  side.  As  the  variation  of  the  cen- 
tripetal force  is  not  great,  the  change  of  form  of  the  orbit 
is  small,  nevertheless  the  summation  of  the  minute  alterations 
thereby  produced  in  the  moon's  orbital  velocity  suffices  to  put 
her  sometimes  ahead,  and  sometimes  behind  her  mean  place  to 
an  extent  which  o-';cillates  from  a  maximum  to  a  minimum  3i 
the  earth  passes  from  perihelion  to  aphelion,  and  averages 
about  125  seconds  of  arc.  This  perturbation  of  the  moon 
is  known  as  the  pandlactic  inequality  because  it  depends  on  the 
earth's  distance  from  the  sun,  and  can  therefore  be  expressed 
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terms  of  the  solar  parallax.  Conversely,  the  solar  parallax 
in  be  deduced  from  the  observed  value  of  the  parallactic 
equality,  but  unfortunately  there  are  great  practical  difBculties 

making  the  requisite  observations  with  a  sufficient  degree  of 
jcuracy.  Notwithstanding  the  ever  recurring  talk  about  the 
Ivantages  to  be  obtained  by  observing  a  small  well  defined 
•ater  instead  of  the  moon's  limb,  astronomers  have  hitherto 
•und  it  impracticable  to  use  anything  but  the  limb,  and  the 
sadvantage  of  doing  so  as  compared  with  observing  a  star  is 
ill  further  increased  by  the  circumstance  that  in  general  only 
le  limb  can  be  seen  at  a  time,  the  other  being  shrouded  in 
irkness.  If  both  limbs  could  always  be  observed  we  should 
len  have  a  uniform  system  of  data  for  determining  the  place  of 
le  center,  but  under  existing  circumstances  we  are  compelled 
)  make  our  observations  halt  upon  one  limb  and  half  upon  the 
bher,  and  thus  they  involve  all  the  systematic  errors  which 
lay  arise  from  the  conditions  under  which  these  limbs  are 
bsierved,  and  all  the  uncertainty  which  attaches  to  irradiation, 
arsenal  equation,  and  our  defective  knowledge  of  the  moon's 
emi-diameter. 

Our  fifth  gravitational  relation  is  that  which  exists  between 
;he  solar  parallax,  the  lunar  parallax,  the  moon's  mass  and 
:he  earth's  lunar  inequality.  Strictly  speaking  the  moon  does 
Qot  revolve  around  the  earth's  center,  but  both  bodies  revolve 
ironnd  the  common  center  of  gravity  of  the  two.  In  conse- 
qnence  of  that  an  irregularity  arises  in  the  earth's  orbital  velo- 
city around  the  sun,  the  common  center  of  gravity  moving  in 
accordance  with  the  laws  of  elliptic  motion,  while  the  earth,  on 
account  of  its  revolution  around  that  center,  undergoes  an  alter- 
nate acceleration  and  retardation  which  has  for  its  period  a 
lunar  month,  and  is  called  the  lunar  inequality  of  the  earth's 
motion.  We  perceive  this  inequality  as  an  oscillation  super- 
posed on  the  elliptic  motion  of  the  sun,  and  its  semi-amplitude 
is  a  measure  of  the  angle  subtended  at  the  sun  by  the  interval 
between  the  center  of  the  earth  and  the  common  center  of 
gravity  of  the  earth  and  moon.  Just  as  an  astronomer  on  the 
moon  might  use  the  radius  of  her  orbit  around  the  earth  as  a 
base  for  measuring  her  distance  from  the  sun,  so  we  may  use 
this  interval  for  the  same  purpose.  We  find  its  length  in  miles 
from  the  equatorial  semi-diameter  of  the  earth,  the  moon's 
parallax  ana  the  moon's  mass,  and  thus  we  have  all  the  data 
for  determining  the  solar  parallax  from  the  inequality  in  ques- 
tion. In  view  of  the  great  difficulty  which  has  been  expe- 
rienced in  measuring  the  solar  parallax  itself,  it  may  be  asked 
why  we  should  attempt  to  deal  with  the  parallactic  inequality 
which  is  about  twenty-six  per  cent  smaller?  The  answer  is, 
because  the  latter  is  derivea  from  differences  of  the  sun's  right 
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ascension  which  are  furnished  by  the  principal  observatories  in 
vast  numbers,  and  should  give  very  accurate  results  on  accoant 
of  their  being  made  by  methods  which  insure  freedom  from 
constant  errors.  Nevertheless,  the  sun  is  not  so  well  adapted 
for  precise  observation  as  the  stars,  and  Dr.  Gill  has  recently 
found  that  heliometer  measurements  upon  asteroids  which  ap- 
proach very  near  to  the  earth  yield  values  of  the  parallactic 
inequality  superior  to  those  obtained  from  right  ascensions  of 
the  sun. 

Our  sixth  gravitational  relation  is  that  which  exists  between 
the  moon's  parallax  and  the  constants  of  precession  and  nuta- 
tion.    Every  particle  of  the  earth  is  attracted  both  by  the  sun 
and  by  the  moon,  but  in  consequence  of  the  polar  flattening: 
the  resultant  of  these  attractions  passes  a  little  to  one  side  of 
the  earth's  center  of  gravity.     Thus  a  couple  is  set  up,  which, 
by  its  action  upon  the  rotating  earth,  causes  the  axis  tnereof  to 
describe  a  surface  which  may  be  called  a  fluted  cone,  with  its 
apex  at  the   earth's   center.      A   top  spinning  with  its  axis 
inclined  describes  a  similar  cone,  except  that  tlie  flutings  are 
absent  and  the  apex  is  at  the  point  upon  which  the  spinning 
occurs.     For  convenience  of  computation  we  resolve  this  ac- 
tion into  two  components,  and  we  name  that  which  produces 
the  cone  the  luni-solar   precession,  and  that  which  produces 
the  flutings  the  nutation.     In  this  phenomenon  the  part  played 
by  the  sun  is  comparatively  small,  and   by  eliminating  it  we 
obtain  a  relation  between  the  luni-solar  precession,  the  nutation 
and  the  moon's  ])arallax  which  can  be  used  to  verify  and  cor- 
rect the  observed  values  of  these  quantities. 

In  the  preeedin<i:  parai^raph  we  have  seen  that  the  relation 
between  the  quantities  there  considered  depends  largely  upon 
the  tlattenin<r  of  the  earth,  and  thus  we  are  led  to  inquire  how 
and  with  what  degree  of  accuracy  that  is  determined.  There 
are  five  methods,  viz  :  one  geodetic,  one  gravitational,  and 
three  astronomical.  The  geodetic  method  depends  upon  meas- 
urements of  the  length  of  a  degree  on  various  parts  of  the 
earth's  surface,  and  with  the  data  hitherto  accumulated  it  has 
])r()V('(l  (|uite  unsatisfactorv.  The  gravitational  method  con- 
sists in  (Ictcrinining  the  length  of  the  seconds  ]>endnlnin  over 
as  great  a  range  of  hititude  as  possible,  and  deducing  therefrom 
the  ratio  of  the  earth's  ])olar  and  e(juatorial  senii-dianietor?  b.v 
means  of  Claiiaiit's  theorem.  The  pendulum  experiments 
sliow  that  the  earth's  crust  is  less  dense  on  mountain  ))lateaux 
than  at  the  sea  (N)a>t,  and  thus  for  the  first  time  we  are  hrouirlit 
into  contact  with  ge(»](>i:ical  considerations.  The  first  a>tro- 
noniical  nieth<Ml  (•on>ists  in  observing  the  moon's  ]>arallax  from 
various  j>oiuts  on  the  earth's  surface,  and  as  these  parallaxes 
are  nothini:-  (dse  than  the  anirular  semi-diameter  of  the  earth  nt 
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tlie  respective  points  as  seen  from  the  moon,  they  afford  a 
direct  measure  of  the  flattening.  The  second  and  third  astro- 
nomical methods  are  based  upon  certain  perturbations  of  the 
moon  which  depend  upon  the  figure  of  the  earth,  and  should 
give  extremely  accurate  results,  but  unfortunately  very  great 
difficulties  oppose  themselves  to  the  exact  measurement  of 
the  perturbations.  There  is  also  an  astronomico-geological 
method  which  can  not  yet  be  regarded  as  conclusive  on 
account  of  our  lack  of  knowledge  respecting  the  law  of  density 
which  prevails  in  the  interior  of  the  earth.  It  is  based  upon 
the  fact  that  a  certain  function  of  the  earth's  moments  of  iner- 
tia cau  be  determined  from  the  observed  values  of  the  coeffi- 
cients of  precession  and  nutation,  and  could  also  be  determined 
from  the  figure  and  dimensions  of  the  earth  if  we  knew  the 
exact  distribution  of  matter  in  its  interior.  Our  present 
knowledge  on  that  subject  is  limited  to  a  superficial  layer  not 
more  than  ten  miles  thick,  but  it  is  usual  to  assume  that  the 
deeper  matter  is  distributed  according  to  La  Grange's  law,  and 
then  by  writing  the  function  in  question  in  a  form  which 
leaves  the  flattening  indeterminate,  and  equating  the  expres- 
sion so  found  to  the  value  given  by  the  precession  and  nuta- 
tion, we  readily  obtain  the  flattening.  As  yet  these  six 
methods  do  not  give  consistent  results,  and  so  long  as  serious 
discrepancies  remain  between  them  there  can  be  no  security 
that  we  have  arrived  at  the  truth. 

It  should  be  remarked  that  in  order  to  compute  the  function 
of  the  earth's  moments  of  inertia  which  we  have  just  been  con- 
sidering, we  require  not  only  the  figure  and  dimensions  of  the 
earth  and  the  law  of  distribution  of  densitv  in  its  interior,  but 
also  its  mean  and  surface  densities.  The  experiments  for 
determining  the  mean  density  have  consisted  in  comparing  the 
earth's  attraction  with  the  attraction  either  of  a  mountain,  or 
of  a  known  thickness  of  the  earth's  crust,  or  of  a  known  mass 
of  metal.  In  the  case  of  mountains  the  comparisons  have  been 
made  with  plumb  lines  and  pendulums;  in  the  case  of  known 
layers  of  the  earth's  crust  thev  have  been  made  by  swinging 
pendulums  at  the  surface  and  down  in  mines;  and  in  the  case 
of  known  masses  of  metal  they  have  been  made  with  torsion 
balances,  fine  chemical  balances  and  pendulums.  The  surface 
density  results  from  a  study  of  the  materials  composing  the 
earth's  crust,  but  notwithstanding  the  apparant  simplicity  of 
that  process,  it  is  doubtful  if  we  have  yet  attained  as  accurate 
a  result  as  in  the  case  of  the  mean  density. 

Before  quitting  this  part  of  our  subject,  it  is  important  to 
point  out  that  the  luni-solur  precession  can  not  be  directly 
observed,  but  must  be  derived  from  the  general  precession. 
The  former  of  these  quantities  depends  only  upon  the  action 
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of  the  sun  and  mooD,  while  the  latter  is  affected  in  addition 
by  tlie  action  of  the  planets,  and  to  ascertain  what  that  is  we 
must  determine  their  masses.  The  methods  of  doing  so  fall 
into  two  great  classes  according  as  the  planets  dealt  with  have  or 
have  not  satellites.  The  most  favorable  case  is  that  in  which 
one  or  more  satellites  are  present,  becaase  the  mass  of  the  pri- 
mary follows  immediately  from  their  distances  and  revolution 
times,  but  even  then  there  is  a  difficulty  in  the  way  of  obtain- 
ing very  exact  results.  By  extending  the  observations  over 
sufficiently  long  periods  the  revolution  times  can  be  ascertained 
with  any  desired  degree  of  accuracy,  but  all  measurements  of 
the  distance  of  a  satellite  from  its  primary  are  affected  by  per- 
sonal equation,  which  we  can  not  be  sure  of  completely  elimi- 
nating, and  thus  a  considerable  margin  of  uncertainty  is 
brought  into  the  masses.  In  the  cases  of  Mercury  and  Venus, 
which  have  no  satellites,  and  to  a  certain  extent  in  the  case  of 
the  earth  also,  the  only  available  way  of  ascertaining  the  masses 
is  from  the  perturbations  produced  by  the  action  ot  the  varions 
planets  on  each  other.     These  perturbations  are  of  two  kinds, 

f)eriodic  and  secular.  When  sufficient  data  have  been  accnniu- 
ated  for  the  exact  determination  of  the  secular  perturbations, 
they  will  give  the  best  results,  but  as  yet  it  remains  advanta- 
geous to  employ  the  periodic  perturbations  also. 

Passing  now  to  the  photo-tachymetrical  methods,  we  have 
first  to  glance  briefly  at  the  mechanical  appliances  by  which  the 
tremendous  vclocitv  of  hVht  lias  been  successfully  measured 
They  are  of  the  simplest  possible  character,  and  are  based 
either  upon  a  toothed  wheel,  or  upon  a  revolving  mirror. 

The  toothed  wheel  method  was  first  used  by  Fizeau  in  IS^ii'. 
To  understand  its  operation,  imagine  a  gun  barrel  with  a 
toothed  wheel  revolving  at  right  angles  to  its  muzzle  in  such  a 
way  that  the  barrel  is  alternately  closed  and  opened  as  the 
teeth  and  the  spaces  between  them  pass  before  it.  Then,  with 
the  wheel  in  rai)id  motion,  at  the  instant  wdien  a  space  is  oppo- 
site the  muzzle  let  a  ball  he  fired.  It  will  pass  out  freeh',  and 
after  traversini;  a  certain  distance  let  it  strike  an  elastic  cushion 
and  be  i-etlectod  hack  upon  its  own  path.  When  it  reaches  the 
wl)eel,  if  it  hits  a  space  it  will  return  into  the  gun  barrel,  hiu 
if  it  hits  a  tooth  it  will  !)e  stopped.  Examining  the  matter  a 
little  moi-e  closely,  we  see  that  as  the  ball  requires  a  certain 
time  to  iro  and  return,  if  durinti:  that  time  the  wheel  niove> 
thronirh  an  odd  multi])le  of  the  angle  between  a  space  ami  a 
tooth  tlie  l)all  will  he  stoj)j)ed,  while  if  it  moves  throu;zh  ^^^ 
even  multiple  of  tliat  anirle  the  ball  will  return  into  the  harrel. 
>sow  imaiiine  the  t^un  harrel,  the  ball  and  the  elastic  cushion  tt> 
he  i'e]>laccd  respectively  hy  a  telescope,  a  light  wave  and  a 
mirror.     Then  if  the  wheel  moved  at  such  a  speed  that  the 
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returaing  light  wave  struck  against  the  tooth  following  the 
space  through  which  it  issued,  to  an  eye  looking  into  the  tele- 
scope all  would  be  darkness.  If  the  wheel  moved  a  little  faster 
and  the  returning  light  wave  passed  through  the  space  succeed- 
ing that  through  which  it  issued,  the  eye  at  the  telescope  would 
perceive  a  flash  of  light ;  and  if  the  speed  were  continuously 
increased  a  continual  succession  of  eclipses  and  illuminations 
would  follow  each  other  according  as  tne  returning  light  was 
stopped  against  a  tooth  or  passed  through  a  space  further  and 
further  behind  that  through  which  it  issued.  Under  these 
conditions  the  time  occupied  by  the  light  in  traversing  the 
space  from  the  wheel  to  the  mirror  and  back  again  would  evi- 
dently be  the  same  as  the  time  required  by  the  wheel  to  revolve 
through  the  angle  between  the  space  through  which  the  light 
issued  and  that  through  which  it  returned,  and  thus  the  velo- 
city of  light  would  become  known  from  the  distance  between 
the  telescope  and  the  mirror  together  with  the  speed  of  the 
wheel.  Of  course  the  longer  the  distance  traversed,  and  the 
greater  the  velocity  of  the  wheel,  the  more  accurate  would  be 
the  result. 

The  revolving  mirror  method  was  first  used  by  Foucault  in 
1862.  Conceive  the  toothed  wheel  of  Fizeau's  apparatus  to  be 
replaced  by  a  mirror  attached  to  a  vertical  axis,  and  capable  of 
being  put  into  rapid  rotation.  Then  it  will  be  possible  so  to 
arrange  the  apparatus  that  light  issuing  from  the  telescope 
shall  strike  the  movable  mirror  and  be  reflected  to  the  distant 
mirror,  whence  it  will  be  returned  to  the  movable  mirror  again 
and  being  thrown  back  into  the  telescope  will  appear  as  a  star 
in  the  center  of  the  field  of  view.  That  adjustment  being 
made,  if  the  mirror  were  caused  to  revolve  at  a  speed  of  some 
handred  turns  per  second  it  would  move  through  an  appre- 
ciable angle  while  the  light  was  passing  from  it  to  the  distant 
mirror  and  back  again,  and  in  accordance  with  the  laws  of 
reflection,  the  star  in  the  field  of  the  telescope  would  move 
from  the  center  by  twice  the  angle  through  which  the  mirror 
had  turned.  Thus  the  deviation  of  the  star  from  the  center  of 
the  field  would  measure  the  angle  through  which  the  mirror 
turned  during  the  time  occupied  by  light  in  passing  twice  over 
the  interval  between  the  fixed  and  revolving  mirrors,  and  from 
the  magnitude  of  that  angle  together  with  tne  known  speed  of 
the  mirror,  the  velocity  of  the  light  could  be  calculated. 

In  applying  either  of  these  methods  the  resulting  velocity  is 
that  of  light  when  traversing  the  earth's  atmosphere,  but  what 
we  want  is  its  velocity  in  space  which  we  suppose  to  be  desti- 
tnte  of  ponderable  material,  and  in  order  to  obtain  that  the 
velocity  in  the  atmosphere  must  be  multiplied  by  the  refractive 
index  of  air.     The  corrected  velocity  so  obtained  can  then  be 
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obtained  from  transits  of  Venue,  oppositions  of  Mars  and  oppo- 
Bitions  of  certain  aeteriodB  ;  the  lunar  parallax,  found  both 
directly,  and  from  measurements  of  tlie  force  of  gravity  at  tUe 
earth's  surface  ;  the  constants  of  precession,  nutation  and  aber- 
ration, obtained  from  observations  of  the  stars;  the  paritllaetic 
inequality  of  the  moon  ;  the  lunar  inequality  of  tlie  earth,  nsn- 
ally  obtained  from  observations  of  the  sun.  but  recently  found 
from  holiometer  observations  of  certain  asteriuds  :  the  mass  of 
the  earth,  found  from  the  solar  |>arul]ax,  and  also  from  the 
periodic  and  secular  perturbations  of  Venns  and  Murs;  ttie 
mass  of  the  moon,  fcnnd  from  the  lunar  inequality  of  the  earth, 
and  also  from  the  ratio  of  the  solar  and  luuar  components  of 
the  ocean  tides;  the  masses  of  all  the  planets,  obtained  fmni 
observations  of  their  satellites  whenever  pofsiliie,  and  when  do 
satellites  exist,  then  from  observations  of  their  mutnal  pe^tn^ 
bations  both  periodic  and  secular;  the  velocity  of  lipht, 
obtained  from  experiTnents  with  revolving  mirrors  and  tootlied 
wheels,  together  with  laboratory  determinations  of  the  indcJ 
of  refraction  of  atmosnheric  air  ;  the  light  equation,  obtain«i 
from  observations  of  the  eclipses  of  Jnpiter'a  satellites;  tlje 
figure  of  the  earth,  obtained  from  geodetic  triang1ll)ltioD^ 
measurements  of  the  length  of  the  seconds  pendulum  in  vari- 
ons  latitudee,  and  observationa  of  certain  perturbations  of  the 
moon ;  the  mean  density  of  the  earth,  obtained  from  measure' 
ments  of  the  attractions  of  mountains,  from  pendulum  experi- 
ments in  mines,  and  from  experiments  on  the  attractiitu  of 
known  masses  of  matter  made  either  with  torsion  balances  of 
with  the  most  delicate  chemical  balances;  the  surface  density 
of  the  earth,  obtained  from  geological  examinations  of  the  sur- 
face strata  ;  and  lastly,  the  law  of  distribution  of  density  in  the 
interior  of  the  earth,  which  in  the  present  state  of  geologicsl 
knowledge  we  can  do  little  more  than  guess  at. 

Here  then  we  have  a  large  group  of  astronomical,  geodetic, 
geological  and  physical  quantities  which  must  all  be  considered 
in  tinding  the  solar  parallax,  and  whicb  are  all  so  entangled 
with  each  other  that  no  one  of  them  oan  be  varied  withuiu 
affecting  all  the  rest.  Itia  therefore  impossible  to  make  an  accu- 
rate determination  of  any  one  of  them  apart  from  the  remain- 
der of  the  group,  and  thus  we  are  driven  to  the  conclusion  thai 
they  must  all  be  determined  simultaneously.  Such  has  not 
been  the  practice  of  astronomers  in  tlie  past,  but  it  is  the 
method  to  which  they  mu&t  inevitably  resort  in  the  fotiire. 
A  cursory  glance  at  an  analogous  problem  occurring  in  geodesy 
may  be  instructive.  When  a  country  \:'  cnvored  with  a  net  of 
triangles  it  is  always  found  that  the  observed  angles  are  sul)- 
lect  to  a  certiiin  amount  of  error,  and  a  century  ago  it  was  the 
habit  to  correct  the  angles  in  each  triangle  without  much  regard 
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►  the  effect  upon  adjacent  triangles.  Consequently  the  adjust- 
lent  of  the  errors  was  imperfect,  and  in  computing  the  interval 
3tween  any  two  distant  points  the  result  would  vary  some- 
hat  with  the  triangles  used  in  the  computation — that  is,  if 
18  computation  was  made  through  a  chain  of  triangles  run- 
ing  around  on  the  right  hand  side,  another  through  a  chain 
:  triangles  running  straight  between  the  two  pomts,  and  a 
drd  through  a  chain  of  triangles  running  around  on  the  left 
ind  side,  the  results  were  usually  all  different.  At  that  time 
lings  were  less  highly  specialized  than  now,  and  all  geodetic 
>erations  were  yet  in  the  hands  of  first-rate  astronomers  who 
K>n  devised  processes  for  overcoming  the  difficulty.  They 
lagined  every  observed  angle  to  be  subject  to  a  small  correc- 
on,  and  as  these  corrections  were  all  entangled  with  each 
her  through  the  geometrical  conditions  of  the  net,  by  a  most 
^enious  application  of  the  method  of  least  squares  they  deter- 
inedthem  all  simultaneously  in  such  a  way  as  to  satisfy  the 
hole  of  the  geometrical  conditions.  Thus  the  best  possible 
Ijiistment  was  obtained,  and  no  matter  what  triangles  were 
ied  in  passing  from  one  point  to  another,  the  result  was 
ways  the  same.  That  method  is  now  applied  to  every  impor- 
nt  triangulation,  and  its  omission  would  be  regarded  as  proof 
•  incompetency  on  the  part  of  those  in  charge  of  the  work. 
Now  let  us  compare  the  conditions  existing  respectively  in 
triangulation  net  and  in  the  group  of  quantities  for  the  deter- 
i  nation  of  the  solar  parallax.  In  the  net  every  angle  is  sub- 
ct  to  a  small  correction,  and  the  whole  system  of  corrections 
ust  be  so  determined  as  to  make  the  sum  of  their  weighted 
[uares  a  minimum,  and  at  the  same  time  satisfy  all  the  geo- 
etrical  conditions  of  the  net.  Like  the  triangles,  the  quanti- 
3S  composing  the  group  from  which  the  solar  parallax  must 
3  determined  are  all  subject  to  error,  and  therefore  we  must 
gard  each  of  them  as  requiring  a  small  correction,  and  all 
lese  corrections  must  be  so  determined  as  to  make  the  sum  of 
leir  weighted  squares  a  minimum,  and  at  the  same  time  satisfy 
'ery  one  of  the  equations  expressing  the  relations  between 
le  various  components  of  the  group. 

Thus  it  appears  that  the  method  required  for  adjusting  the 
►lar  parallax  and  its  related  constants  is  in  all  respects  the 
me  as  that  which  has  so  long  been  used  for  adjusting  systems 
:'  triangulation,  and  as  the  latter  method  was  invented  by 
>tronomers,  it  is  natural  to  inquire  why  they  have  not  applied 

to  the  fundamental  problem  of  their  own  science  ?  The 
jasons  are  various,  but  they  may  all  be  clasged  under  two 
sads.  First,  an  inveterate  habit  of  over-estimating  the  accu- 
Lcy  of  our  own  work  as  compared  with  that  of  others ;  and 
(cond,  the  unfortunate  effect  of  too  much  specialization. 


The  prevailing  opinion  certainly  is  that  great  advances  haw 
recently   been   luado  in  astronomy,  and  bo  they  have  in  tl» 
fiolds  of  spectral  analyeis  and  in  the  measnrement  of  minuM 
(inantitiee  of  i-adiant  fieut ;  but  the  solution  of  the  vast  Tnajo^ 
ity  of  iifitronomical  problems  depends  upon  the  exact  ineasurei  i 
ment  of  angles,  and  in   that  little  or  no   progress  has  lieni 
made.     Bradley  with  his  zenith  sector  a  nnndred  and  tiftt  i 
years  ago,  and  Beeeel  and  Strnve  with  their  circles  and  transit  i 
in&trnments  seventy  years  ago,  made  ol>eervation6  not  sensibly  j 
inferior  to  those  of  the  present  day,  and  indeed  it  would  have  j 
heen  surprising  if  they  had  not  done  so.     The  essentials  foe  \ 
accurately  determining  atar  places  are  a  skilled  observer,  I  i 
clock  and  a  transit  circle,  the  latter  consisting  of  a  teleecopf^   1 
a  divided  circle  and  fonr  micrometer  mtcrosco|ieE.     Snrely  no   i 
one  will  claim  that  we  have  to-day  any  more  skillful  oliserven  J 
than   were  Bessel,   Bradley  and  Strnvo,  and  the  only  wav  in  | 
which  we  have  improved  i]|)on  the  telescopes  made  by  i)ol-  j 
lond  one  hundred  and  thirty  years  Ago,  ia  by  increasing  tli«r   J 
aperture  and  relatively  diminiehing  their  focal  distance.    The 
most  famous  dividing  engine  now  in  existence  was  made  hj 
the  eider  RepsoUl  seventy-five  years  ago ;  but  as  the  errors  of 
divided  circles  and  their  mici-ometer  microscopes  are  always 
carefully  determined,  the  accuracy  of  the  measured  angles  is    . 
quite  independent  of  any  email  improvement  in  the  accuracy    I 
of  the  divisions  or  of  tbe  inicromoter  Bcrewa.     Only  in  tlie    ' 
matter  of  clocks  has  there  been  some  advance,  and  even  that 
is  not  very  great.     On  the  whole,  the  star  places  of  tOKlay  are 
a  little  better  than  those  of  seventy-five  years  ago,  but  even 
yet  there  is  great  room  for  improvement.     One  of  the  com- 
monest applications  of  these  star  places  is  to  the  determination 
of  latitude,  but  it  is  very  doubtful  if  there  is  any  point  on  the 
face  of  the  earth  whose  latitude  is  known  certainly  within 
one-tenth  of  a  second. 

Looking  at  the  question  from  another  point  of  view,  it  is 
notorious  that  the  contact  observations  of  the  transits  of  Venus 
in  1761  and  1769  were  so  discordant  that  from  the  same 
observations  Encke  and  E.  J,  Stone  got  respectively  for  the 
solar  parallax  8'59  seconds  and  891  seconds.  In  1870  no  one 
thougnt  it  possible  that  there  could  be  any  such  difficulty  witii 
the  Contact  observations  of  the  then  approaching  transits  of  I87i 
and  1882,  but  now  we  have  founa  from  sad  experience  that 
our  vaunted  modern  instmrnents  gave  very  little  better  results 
for  the  last  pair  of  transits  than  our  predecessors  obtained  with 
much  cruder  appliances  in  1761  and  1769. 

The  theory  of  probability  and  uniform  experience  alike 
show  that  the  limit  of  accuracy  attainable  with  any  instrument 
is  soon  reached ;  and  yet  we  all  know  the  fascination  which 
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)iitinnally  lures  us  on  in  our  efforts  to  get  better  results  out 
:  the  familiar  telescopes  and  circles  which  have  constituted 
le  standard  equipment  of  observatories  for  nearly  a  century, 
ossibly  these  instruments  may  be  capable  of  indicating  some- 
hat  smaller  quantities  than  we  have  hitherto  succeeded  in 
teasuriug  with  them,  but  their  limit  cannot  be  far  off  because 
ley  already  show  the  disturbing  effects  of  slight  inequalities 
I  temperature  and  other  uncontrollable  causes.  So  far  as 
lese  effects  are  accidental  they  eliminate  themselves  from 
^ery  long  series  of  observations,  but  there  always  remains  a 
»idnum  of  constant  error,  perhaps  quite  unsuspected,  which 
^ves  us  no  end  of  trouble.  Encke's  value  of  the  solar  paral- 
X  affords  a  fine  illustration  of  this,  i^rom  the  transits  of 
enus  in  1761  and  1769  he  found  8*58  seconds  in  1824,  which 
3  subsequently  corrected  to  857  seconds,  and  for  thirty  years 
lat  value  was  universally  accepted.  The  first  objection  to  it 
ime  from  Hansen  in  1854,  a  second  followed  from  Le  Verrier 

I  1858,  both  based  upon  facts  connected  with  the  lunar 
leory,  and  eventually  it  became  evident  that  Encke's  parallax 
as  about  one-quarter  of  .  a  second  too  small.  Now  please 
t)8erve  that  Encke's  value  was  obtained  trigonometrically, 
id  its  inaccuracy  was  never  suspected  until  it  was  revealed  by 
ravitational  methods  which  were  themselves  in  error  about 
ae-tenth  of  a  second  and  required  subsequent  correction  in 
bher  ways.     Here  then  was  a  lesson  to  astronomers  who  ar^ 

II  more  or  less  specialists,  but  it  merely  enforced  the  per- 
3CtIy  well  known  principle  that  the  constant  errors  of  any 
08  method  are  accidental  errors  with  respect  to  all  other 
lethods,  and  therefore  the  readiest  way  of  eliminating  them 

by  combining  the  results  from  as  many  different  methods  as 
ossible.  However,  the  abler  the  specialist  the  more  certain 
e  is  to  be  blind  to  all  methods  but  his  own,  and  astronomers 
ave  profited  so  little  by  the  Encke-Hansen-Le  Verrier  incident 
f  thirty-five  years  ago  that  to-day  they  are  mostly  divided 
ito  two  great  parties,  one  of  whom  holds  that  the  parallax 
in  be  best  determined  from  a  combination  of  the  constant  of 
t)erration  with  the  velocity  of  light,  and  the  other  believes 
nly  in  the  results  of  heliometer  measurements  upon  asteriods. 
ty  all  means  continue  the  heliometer  measurements,  and  do 
very  thing  possible  to  clear  up  the  mystery  which  now  sur- 
3und8  the  constant  of  aberration,  but  why  ignore  the  work  of 
redecessors  who  were  quite  as  able  as  ourselves  ?  If  it  were 
esired  to  determine  some  one  angle  of  a  triangulation  net 
dth  special  exactness,  what  would  be  thought  of  a  man  who 
ttempted  to  do  so  by  repeated  measurements  of  the  angle  in 
uestion  while  he  persistently  neglected  to  adjust  the  net? 
end  yet,  until  recently  astronomers  have  been  doing  precisely 
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that  kind  of  thing  with  the  solar  parallax.  I  do  not  think  ] 
there  is  any  exaggeration  in  saying  that  the  tmetwortby  obsM- 
vationa  now  on  record  for  the  determination  of  the  numerous 
qnantitieg  which  are  functions  of  the  paraliax  contd  not  be 
dnplicatcd  by  the  most  industrious  astronomer  working  con- 
tinuously for  a  thousand  yenr».  How  then  can  we  EUppcue 
that  the  result  properly  deducible  from  them  can  be  materialh 
a£Eected  by  anything  that  any  of  us  can  do  in  a  life  time, 
unless  we  are  fortunate  enough  to  invent  methods  of  meaeure- 
ment  vastly  superior  to  any  hitherto  imagined  i  Probably  the 
existing  observations  for  the  determination  of  most  of  these 
quantities  are  as  exact  as  any  tliat  can  ever  be  made  with  our 
present  instrnnientfi,  and  if  they  were  freed  from  eonstant 
errors  they  would  certainly  give  results  very  near  the  truth, 
To  that  end  we  have  only  to  form  a  systera  of  Eimoltaneoiu 
equations  between  all  the  obsei-ved  quantities,  and  then  deduce 
the  most  probable  values  of  these  quantities  bv  the  method  of 
least  squares.  Perhaps  some  of  you  may  thinK  that  the  value 
so  obtained  for  the  solar  parallax  would  depend  largely  upon 
the  relative  weights  assigned  to  the  various  quantities,  but 
such  is  not  the  case,  Witli  almost  any  possible  system  of 
weights  the  solar  parallax  will  come  out  very  nearly  8-81B" 
±0'0057",  whence  we  have  for  the  mean  distance  between  tbe 
earth  and  enu  ^2,797,000  mites,  with  a  probable  error  of  only 
B!),700  miles ;  and  for  the  diameter  of  the  solar  ByBtein, 
ineasurod  to  its  outcnmist  nicinber,  tlic  planet  NeptuQC 
6,578,400,000  miles. 


Art.    XXXIV.— On    Me   Nitrogen    Content  of   Caliform 
Jillumen;  by  8.  F.  Peckham. 


In  1865,  when  artificial  excavations  in  the  Caaons  of  the 
Sulphur  Mountain  in  Ventura  Connty,  California,  brought  to 
the  surface  iiituincns  that  were  free  from  the  action  of  oxidii- 
ing  agents,  it  was  soon  observed  that  when  those  bitumens  were 
exposed  in  small  pools  for  a  short  time  they  became  infested 
with  maggots.  This  phenomenon  was  observed  by  a  nuioliet 
of  persons.  In  one  instance  that  came  under  mr  own  observa- 
tion, the  ainontit  of  petroleum  that  tilled  a  small  cavity  in  the 
rocks  might  have  been  two  quarts.  It  was  so  tilled  with  mag- 
gots that  they  crawled  over  each  other  precisely  as  they  would 
in  a  pool  of  blood.     It  was  evident  that  this  petroleum  eon- 
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tained  the  elements  of  food,  and  the  presence  of  nitrogen  was 
inferred  as  an  essential  constituent  of  this  variety  of  bitamen. 
It  was  several  years  after  this  observation  was  made  before 
I  had  an  opportunity  to  prove  by  analysis  the  actual  presence 
and  amount  of  nitrogen.  I  usea  the  ordinary  sodalime  process. 
The  amount  indicated  was  so  large  that  I  was  led  to  suspect 
that  possibly  some  source  of  error  lay  against  this  process, 
when  used  for  the  analysis  of  this  material.  I  duplicated  my 
results  on  the  petroleum  alone.  I  also  found  no  difficulty  in 
duplicating  results  with  one  of  the  vegetable  alkaloids,  which 
one  I  do  not  now  remember.  I  also  obtained  the  proper  per- 
centage when  operating  upon  a  mixture  of  petroleum  and  alka- 
loid. I  concluded  that  my  results  upon  the  petroleum  alone 
were  correct.  I  found  that  the  oils  from  the  tunnels  in  Wheeler's 
Cafion  on  the  south  side  of  the  Sulphur  Mountain  yielded  an 
average  composition  of : 

Hydrogen 11'819  per  cent. 

Carbon 86-934         " 

Nitrogen 1-1095      " 

Total 99-8625       ** 

The  oil  of  the  Pico  Spring  contained  of  nitrogen  1-0165 
per  cent  and  that  from  tne  Cafiada  Laga  spring  contained  of 
nitrogen  1-0855  per  cent.  Maltha  from  the  Ojai  Ranche  con- 
tained of  nitrogen  0*5645  percent.*  These  localities  lie  in  the 
line  of  strike  of  the  oil-bearing  formation  of  Ventura  Co., 
M'hich  crosses  the  Santa  Clara  Valley  in  a  generally  east  and 
vrest  direction  and  extends  parallel  with  the  range  of  the  Sul- 
phur mountain.  The  Pico  spring  is  in  the  range  that  forms 
the  southern  boundary  of  the  the  Santa  Clara  Valley.  Several 
miles  to  the  west  and  across  the  valley  is  the  east  end  of  the 
Sulphur  mountain  in  which  is  Wheeler's  CaBon.  Farther 
^vest  is  the  Cafiada  Laga,  and  in  the  west  end  of  the  range  is 
the  spring  which  furnished  tlie  maltha  from  the  Ojai  Ranche. 
About  two  years  later  a  second  determination  of  the  nitrogen 
was  made  in  the  sample  from  Wheeler's  Cafion.  The  amount 
obtained  was  less  than  one  per  cent  but  I  have  lost  the  notes 
of  the  analytical  work.  The  two  springs  above  named  were 
the  only  springs  of  bitumen  in  Southern  California  that  yielded 
a  green  petroleum  from  natural  sources.  I  have  shown  in  my 
reports  to  the  Geological  Survey  of  California  that  the  oil  of 
these  springs  as  well  as  that  from  the  tunnels  in  Wheelei-'s 
Cafion,  which  are  still  yielding  oil,  issues  from  strata  protected 

•Reports  Geol.  Survey  Cal.,  Geology,  II,  Appendix,  pp.  84,  89.     Reports  10th 
Census  U.  S.,  vol.  x,  Petroleum,  p.  ]  85. 
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from  iiitiitratioii  of  rain-wator  and  accompanying  oxygen,  by 
ovftrlj'ing  formations. 

The  manner  in  which  this  nitrogen  is  comliined  was  not  then 
made  a  subject  of  research.  It  wa»  however  my  conviction  tt 
that  time,  based  largely  npon  observations  made  npoii  the  spot, 
and  judged  in  connection  with  these  reaults  of  analysis,  that 
the  nitrogtsn  must  in  some  manner  be  held  in  combination  by 
bonds  that  are  easily  broken,  and  that  in  the  re-arrangement 
that  followed,  the  nitrogen  contcTit  either  l>ocame  free,  or 
entered  more  sUiblo  forms  of  combination,  after  the  manner 
in  which  the  process  of  fennentalion  converts  complex  nitro- 
genous coraponnds  into  simpler  forms.  Here  this  matter  rested 
for  many  years. 

In  April.  1892,  in  the  laboratory  of  the  University  of  Michi- 
gan I  distilled  some  of  the  same  samples  of  Wheeler's  CaBoo 
petroleum  in  which  I  had  determined  the  nitrogen  more  thin 
twenty  yeare  before.  The  distillation  was  conducted  at  a  ten}- 
peratnre  approaching  the  red  heat  and  fnniiahed  products  of 
destructive  distillation.  While  observing  the  effects  of  varicms 
reagents  upon  the  distillates,  which  I  was  handlina  in  very 
small  quantities,  I  noticed  tho  very  peculiar  and  persistent  odor 
of  pyridin.  The  appearance  of  this  snbstauce  under  the  condi- 
tions present  did  not  BUrpriae  me.  I  considered  it  to  be  a 
product  of  the  destractive  diatillation  of  the  petroleum  at  i 
temperature  approaching  the  rod  heat.* 

After  I  returned  to  California  last  October  and  made  the 
acquaintance  of  Dr.  Frederick  Saiathfe,  he  one  day  showed  me 
a  small  vial  containing  a  black  oil,  that  was  in  appearance  Dip- 
pel's  oil.  He  said  that  he  had  obtained  the  oil  bv  washings 
distillate  of  California  petruloiiin  wUU  dilute  .siil|i!Hini' :icld, 
and  further  that  nil  nf  the  crudi'  >.ils  fniiiul  in  tbr  n,i^'li'.>ir- 
hood  of  Santa  Paula  yielded  basic  oils  to  dilute  sulphuric  acid. 
Dr.  Salathft  seemed  to  be  impressed  with  the  importance  of  his 
discovery  as  demonstrating  beyond  any  question  the  animsl 
origin  of  the  bitumens;  a  proposition  to  which  I  gave  instant 
assent. 

The  importance  of  this  discovery  immediately  impressed  rae 
from  the  technological  side,  and  I  urged  the  doctor  to  a6ce^ 
tain  what  results  would  follow  the  removal  of  the  basic  oils 
from  the  various  commercial  products  found  in  the  refinery. 

In  the  laboratory  I  soon  treated  both  crude  oils  and  their 
distillates,  and  found  that  the  basic  oils  in  their  natural  condi- 
tion were  combined  with  an  exceedingly  viscous  feebly  acid 
tar.  When  the  crude  oils  are  treated  with  dilute  acid,  this  acid 
radical  forms  a  hydrate  which  produces  with  the  other  constitn- 
•This  Journal,  vol,  ilWi.  p.  30,  Jan.  1894. 
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ts  of  the  petroleum  an  emulsion,  from  which  the  aqueous 
id  solution  of  the  basic  oils  is  separated  with  much  dimculty. 
ith  many  of  the  distillates,  and  particularly  those  of  highest 
Bcific  gravity,  the  acid  radical  or  its  hydrate  does  not  dissolve 

the  oil,  and  the  acid  solution  of  the  bases,  the  acid  hydrate, 
d  the  oil  not  acted  on  by  the  dilute  acid,  form  three  distinct 
rers  in  the  containing  vessel.  In  consequence  of  this  diflEer- 
ce  in  specific  gravity  and  solubility,  the  solution  of  the  basic 
8  and  the  tar  may  be  easily  separated  from  the  oils  that  origi- 
llj  held  the  salt  of  the  basic  oils  in  solntion. 
After  ascertaining  these  facts  iu  the  laboratory,  I  suggested 

Dr.  Salath^,  who  then  had  charge  of  the  refinery  of  the 
lion  Oil  Co.,  that  the  presence  of  these  compound  ethers  in 
e  California  petroleums  was  no  doubt  the  cause  of  the  diflS- 
Ity  which  had  been  experienced  in  refining  them. 
Steps  were  immediately  taken  to  test  the  correctness  of  this 
dgment  with  the  most  gratifying  results ;  but  it  is  only  very 
eently  and  under  my  own  direction  that  the  complete  removal 

both  the  basic  and  acid  radicals  of  these  ethers  has  been  car- 
3d  out  on  the  large  scale,  in  such  a  manner  as  fully  to  demon- 
rate  the  great  importance  of  this  discovery  to  the  technology 
'  this  class  of  bitumens. 

No  complete  analysis  of  any  of  the  hydrocarbons  that  make 
p  California  petroleum  has  yet  been  made  to  my  knowledge ; 
at  it  has  been  assumed  on  other  grounds  that  they  belong  to 
le  benzole  and  not  to  the  paraffine  or  olefine  series.  The 
asic  oils  also  are  allied  to  the  benzoles.  They  form  with  the 
ilnte  acid  solutions  that  may  be  used  to  wash  them  from  the 
ils  in  which  they  may  be  dissolved,  a  reddish  brown  liquid, 
rom  this  liquid  they  may  be  precipitated  as  cream  colored 
akes,  which  are  hydrates  of  the  basic  radicals.  If  filtered  off 
be  precipitate  soon  changes  color  on  the  filter  to  a  dark  brown 
nd  on  drying  becomes  nearly  black.  The  acid  tars  also  appear 
8  hydrates.  The  acid  hydrates  are  dark  green,  brown  or  black 
emi-solids,  possessing  extraordinary  viscosity.  The  basic 
lydrates  when  deprived  of  their  water  yield  brown  or  cherry- 
ed  oils  which  are  very  transparent  and  brilliant  and  which 
rith  the  acid  hydrates  are  much  heavier  than  water.  The 
ntire  series  of  basic  radicals  has  not  yet  been  isolated  with 
ertainty  as  to  the  higher  members.  It  appears  probable  that 
be  series  commences  with  pyridin  and  embraces  a  large  num- 
er  of  pyridins  and  chinolins,  rising  to  compounds  so  dense 
lat  when  left  as  a  residue  resembling  coke,  from  distillation 
;  a  temperature  near  the  red  heat,  they  are  still  soluble  in 
(rdrochloric  acid  from  which  they  may  again  be  precipitated 

hydrates  in  cream-colored  flakes. 
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Tlie  discovery  of  these  eubstanaea  has  led  to  very  imporUnl 
changes  in  tbe  technology  of  the  bituinenB  in  which  they  ocear. 
Both  the  acid  and  baaic  radicals  of  the  compound  ethere  are 
very  ea&ily  removed  from  the  disHllatos.  The  remaining  oil* 
are  more  easily  susceptible  to  ordinary  treatment  with  concen- 
tmted  acids  and  alkalies,  producing  oils  in  every  respect  snpe 
riorfor  their  respective  uae6  to  those  containing  the  baaic  radi- 
cals and  tars,  which  it  hag  been  fonnd  the  concentrated  acid 
will  oTily  partially  remove.  The  burning  oils  poBse&s  superior 
illuminating  power  and  the  lubricating  oils  are  improved  in 
color  and  are  of  greatly  increased  viscosity  for  corresponding 
depress  of  specific  gravity. 

This  discovery  has  also  opened  np  a  new  source  of  supply 
to  t«ohnology  for  the  pyridin  and  chinoliu  bases  and  probulj 
other  allied  substances  not  yet  known  lo  science.  It  is  prob- 
able that  not  only  pyridin  and  chinolin  are  present  bat  that  liso 
a  large  number,  if  not  all,  of  the  methylated  compounds  of 
these  bases  arg  associated  with  them.  Ttic  quality  of  the  basic 
oils  from  this  source  is  very  superior,  they  being  easily  freed 
from  the  combination  in  which  they  exist  in  the  native  hitn- 
mens  and  their  distillates. 

This  discovery  is  also  of  equal  interest  when  made  the  sab- 

J'eot  of  purely  scientific  speculation.  The  presence  of  these 
laBic  oils  establishes  beyond  any  question  the  animal  origin  u( 
the  bitumens  in  which  they  are  found.  I  have  tested  all  of  tlif 
varieties  of  bitnmen,  from  the  most  fluid  petroleums  to  ^liii 
Bsphaltnm,  found  in  the  region  south  of  the  line  which  forms 
the  northern  boundary  of  San  Louis  Obispo,  Kern  and  S»n 
Bernardino  Counties,  and  have  invariably  observed  the  reaction 
which  indicates  their  presence.  These  varieties  of  bituiiieD 
include  the  petroleums  found  in  the  vicinity  of  Santa  Paul*. 
malthas  from  the  same  neigbborhood,  from  near  Los  Aneele^ 
from  Carpinteria  and  from  Asphalto  on  the  north  side  of  the 
Coast  Kangee  west  of  Bakerstield.  I  have  not  treated  aiir  of 
the  oil  from  the  vicinity  of  the  Pico  Spring  directly  for  taic 
oils,  but  the  laive  amount  of  nitrogen  found  on  analysis  of  thi^ 
oil  in  1S6S,  indicates  the  presence  of  these  compounds.  The 
determination  of  the  percentage  amonnta  of  basic  oils  present 
in  crude  bitumens  presents  some  difficulties  not  vet  overcooit:' 
A  number  of  facts  observed  iudicate  that  all  those  forms « 
bitumen  that  have  been  least  exposed  to  the  action  of  atm» 
))heric  oxygen,  contain  the  largest  proportion  of  basic  iJ^^- 
Analysis  ehows  less  nitrogen  in  the  malthas  and  still  less  in  llif 
iisphiiltUDis.  tliJiii  in  rlio  petroleums.  It  appears  that  the  coii- 
pounii  t'thunj  or  .  .v/c/v  which  exist  in  the  native  petroleums  i^ 
dei-i,'iu]>oscii  with  suli.^^iitution  of  oxygen  fornitrogen.  This 
substitution  1  have  made   artilieially.     The   result  is  the  pf^ 
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cipitation  of  the  acid  radical  as  ahydi-ate  within  the  oil,  in  which 
it  dissolves,  producing  a  viscous  tar.  When  this  decomposi- 
tion has  proceeded  so  far  that  water  in  appreciable  quantity 
becomes  a  constituent  of  the  compound,  the  bitumen  is  no 
longer  petroleum  but  maltha.  This  water  of  hydration  sepa- 
rates only  when  the  maltha  is  heated  to  a  comparatively  high 
temperature.  It  will  never  separate  by  diflFerence  of  specitic 
gravity  at  comparatively  low  temperatures ;  but  requires  a  tem- 
perature at  which  the  hydrate  is  decomposed  into  a  dense  oil 
very  much  less  viscous  than  the  hydrate  on  the  one  hand  and 
water  on  the  other. 

As  the  change  proceeds  the  bitumen  becomes  solid  asphal- 
tnm,  and  a  new  compound,  that  is  found  in  maltha  only  in 
small  quantity  if  at  all,  appears.  This  is  Boussingault's  asphal- 
tane*  which  was  assumed  by  him  to  be  an  oxidized  product  in 
which  oxygen  was  substituted  for  hydrogen.  Recent  experi- 
ments not  yet  completed  indicate  that  asphaltene  is  not  a  sim- 
ple substance,  but  that  it  may  be  resolved  by  suitable  solvents 
into  a  compound  containing  oxygen  and  a  compound  that 
represents  tne  original  hydrocarbon,  minus  a  portion  of  its 
hydrogen,  by  virtue  of  which  it  is  no  longer  soluble  in  those 
fluids  that  dissolve  the  hydrocarbon  in  its  original  form. 

The  work  that  I  have  been  able  to  accomplish  since  I  first 
became  aware  of  the  existence  of  these  substances  in  January 
last,  as  constituents  of  California  bitumens,  has  been  mainly 
technical.  As  related  to  purely  scientific  considerations  it  may 
be  compared  to  the  action  of  a  skirmish  line,  which  by  draw- 
ing the  fire  of  a  vast  army  has  revealed  its  presence.  I  am 
confident  that  the  solution  of  problems  of  great  importance  to 
all  of  the  varied  technical  applications  of  bitumen  awaits  the 
careful  investigation  of  the  nitrogen  content  of  the  immense 
accumulations  of  bitumen  in  all  its  forms  found  in  California. 

Perhaps  it  may  be  demonstrated,  that  the  permanent  asphal- 
tic  constructions  of  antiquity  were  made  of  asphalts  of  animal 
origin,  consisting  of  hydrocarbons  of  the  benzole  series  instead 
of  those  of  vegetable  origin,  consisting  of  terpenes. 

TJaiversity  of  Michigan,  Aon  Arbor,  Michig:an,  June  4th,  1894. 

*  Annales  de  Chemie  et  de  Physique  (2),  Ixiv,    141;  Journal  of  the   Franklin 
Institute,  xxiv,  138 ;  New  Edinburg  Philosophical  Journal,  xxii,  97. 
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Akt.  XXXY.—Ifof^  oil    Artificial  Crijatah  of  Zinc.  Oriit; 
hy  Heinhich   RiKS.         "  I 

TilE  occurrunco  of  artificial  crystals  of  zinc  uxide  in  Die 
reverliurutory  furnaces  ufied  In  the  uiannfjicture  of  zinc  white 
is  not  nncoinnion,  hut  the  crystak  are  usually  rontidtnl  m\ 
tlieir  faces  give  poor  retlectioDB. 

A  iminlmr  of  good  crystals  have  been  described  liy  foreign 
niineralo^ititii,*  but  tlie  only  notice  of  tliose  occurring  id  Atner 
ican  furnaces  is  by  Q,  A.  Koenie,t  who  notes  some  t-rvBtalsof 
artificial  zinc  osido  from  tVio  furnaces  atLuSiille,  111.  The 
ntiBdlu-liku  ch&mcter  of  the  erystuls,  and  their  apparent  Lcxajc 
onal  habit  is  commented  on,  but  no  measurenienta  were  insije 
of  them. 

Tho  writer  rcountly  received  two  Iota  of  these  crystals,  one 
from  Mr.  D.  A.  van  Ingeu  of  the  New  Jersey  Zinc  and  Inm 
Co.,  in  Newark,  N.  J.,  and  the  other  from  Mr.  G.  F,  Knni 
who  collected  them  at  tha  works  of  the  Paaeaic  Zinc  Cu..  in 
Jereev  City,  N.  J.  The  crystals  from  Newark  showed  com- 
binations of  pyramid  and  pi-ism,  but  tho  faces  gave  too  poor 
relleotious  to  permit  identification.  Among  the  lot  from  Je^ 
eey  City  were  several  crystals  whose  faces  gave  fairly  satis- 
factory nieasureraeute.  The  following  combinations  were 
observed : 

A  first  order  prism  and  first  order  pjn- 
mid  |;  a  first  order  prism  and  first  order 
pyramid  \  ;  a  first  order  prism  m,  and  sec- 
ond order  pyramid  e,  J-2.  This  last  crystil 
was  doubly  terminated  and  holohtiiral. 
Second  order  pyramids  are  not  couimon, 
and  the  writer  has  not  seen  the  face  e  pre- 
viously noted. 

Botli  the  natural  and  artificial  zinc  oside 
are  said  to  be  hemimorpbic  in  habit,!  ''"' 
nunc  of  the  specimens  examined  could  be 
Siiid  to  have  this  habit.  One  crystal  showeJ 
■A  ta|K'ring  prism,  low  pyramid,  and  base- 
The  ervstais  were  colorless,   transparent   and    without    basal 

KiK-li:  H,.itr.  z.  KeiiiitniMS  KrTsl.  Iliilteuprod.;  GoltinBPn.  1S22.  I«' 
i.  p.  48S.  Levy,  Aon.  Mines,  iv.  p,  516. 
I.  \Ti.  p.  lOSaud  18TI.  vol.  144.  p.  5S0. 
I2lh  Bull.,  p.  191.  G  Greim:  Bet.  i 
vol.  i:!ir.  p.  3!.  K.  Biisi:  Zeitjrfir,  (. 
T.  Cuudall:  Mio.  Mag,,  vol  ii,  no.  41. 
i.  1890. 


1.  Keiiiitniss  KrT 
CkiisfHus:  .\i.n.  ,1.  Mim-s.  lS4i  (Jl,  vo 
l!'4;(,  li.  V.  Kadi;  Pogf  .Vnn.  18li4.  i 
X.  Kirkel:  .\lii.  i^-  Uenl.  HcIr,  18* 
IHmtLcsi..  lies.  f.  Sal.  u.  lleilk..  ISSl 
Krjsl.  u  Min.  I.-^SS-ISSS.  vol.  tlw.  . 
I8ti<i.     .\.  Htiti'Iiiii^Dn;  Ibid.,  vol.  ii.  t 

tl'rw.  Pluls.  .Vm.i.  .■^■[.  18-3,  p  VI. 

\  Dsua,  S«i>teni  ol'  llitiomlO);!-,  1 892. 
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cleavage.  They  were  all  of  small  size,  those  mentioned  being 
respectively  '5x3,  1  X2"5  and  'bxl'b  mm. 

The  pyramid  f  was  observed  by  Kinne,  Greim  and  Cundall, 
and  the  pyramid  ^  by  Levy,  Greim,  Cundall  and  Hutchinson.* 

The  following  are  the  angles  measured  and  calculated  ;  the 
former  did  not  varv  more  than  20'  in  each  case. 


Angle 
measured 

Angle 
calculated. 

^^1 

54°  27' 

53°     9'  SO'^f 

I^^^, 

43    47 

42       5 

i-2  A.  -^-2 

38     12 

36       42 

Mineralogical  Laboratory, 

Columbift  College. 

SCIENTIFIC    INTELLIGENCE. 

,  I.    Chemistry  and  Physics. 

1.  Law  and  Theory  in  Chemutry  '  a  Companion  book  for 
Students.  By  Douglas  Cabnkgie,  M.A.  12mo,  pp.  viii,  222. 
London,  1894  (Longmans,  Green  &  Co.). — This  little  book  con- 
tains the  substance  of  a  summer  school  course  of  eight  lectures 
delivered  before  an  audience  of  school  teachers  of  elementary 
chemistry  at  Colorado  College,  Colorado  Springs.  As  its  title  in- 
dicates it  is  not  intended  as  a  text-book,  but  is  offered  as  a  resumi 
of  the  more  important  fundamental  principles  of  chemistry  which 
are  less  fully  considered  in  ordinary  manuals.  The  subjects 
treated  are  Alchemy,  the  Phlogistic  Theory,  Chemical  Classifica- 
tion, the  Atomic  Theery,  the  Classification  of  Compounds,  Iso- 
merism and  Molecular  Architecture,  and  Chemical  Equilibrium. 
These  chapters  are  clearly  and  accurately  written  and  the  book 
VFill  be  a  valuable  aid  to  the  earnest  student.  It  is  to  be  regretted 
that  it  is  not  provided  with  an  index.  o.  f.  b. 

II.    Astronomy. 

1.  A  Treatise  on  Astronomical  Spectroscopy:  being  a  Transla- 
tion of  "Die  Spectral  analyse  der  Gestirne,"  by  Prolessor  Dr.  J. 
ScHEiNER,  Assistant  at  the  Royal  Astrophysical  Observatory  at 
Potsdam.  Translated,  revised  and  enlarged,  with  the  coopera- 
tion of  the  author,  by  Edwin  Brant  Frost,  M.A.,  Assistant 
Prof,  of  Astronomy  in  Dartmouth  College.  8°,  pp.  xiii,  482.  Figs. 
81 ;  PI.  2.    Ginn  &  Co.,  Boston  and  London,  1 894. — The  novelty 

•  Previously  cited. 

f  These  valaes  are  based  on  Rinne's  calculations.     Sec  Dana,  Svst.  of  Min., 
1892,  p.  208. 
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and  iniportanee  of  recent  spectroicopic  work  in  Astrophysics 
ensured  for  the  nble  and  comprehensive  survey  of  the  subject,  by 
so  oonipetenl  a  writer  as  Dr.  Soheiner,  an  immediate  and  corfiil 
reception  in  astroDomical  cireles,  and  gave  it  at  once  a  recogoiicd 
position  as  a  standard  treatise.  The  very  rapid  development  of 
this  branch  of  science  since  1890,  when  this  work  was  issued,  bu 
resulted  in  the  accumulation  of  n  great  number  of  interesting 
discoveries,  and  thrown  new  light  upon  many  important  proi>- 
lema.  This  fact,  ns  well  as  the  desirability  of  making  the  vork 
accessible  to  a  wider  circle  of  students  and  readers,  afforded  «■ 
cellent  reasons  for  a  revision. 

Professor  Frost's  translation  follows  the  original  text,  id  lie 
main,  very  closely,  especially  in  those  portions  where  there  hu 
been  comparatively  Utile  occasion  for  change.  Additions  hsre 
been  liberally  made,  however,  where  necessary,  and  in  some 
instances  the  newer  material  is  of  sooh  a  character  as  to  suptr- 
sede  the  older  results  and  reqnirc  a  substantial  recasting  of  ti* 
topics.  Thus,  in  the  chapter  npon  the  motion  of  the  Btars  in  ibt 
line  of  sight,  the  remarkable  application  of  photographic  method! 
made  by  V'ogel  in  ltJ02,  giving  values  with  a  degree  of  precisian 
hitherto  unapproached,  has  necessitated  the  omission  of  ihe  long 
list  of  star  velocities  determined  at  Greenwich,  and  the  subsliiu* 
tion  therefor  of  Vogel's  list  of  fifty-one  stars  made  by  the  new 
method,  while  the  excellent  detenninalions  made  by  otbev  ob- 
servers in  a  few  cases  liave  not  been  overlooked.  Among  other 
additions  may  be  mentioned  Rowland's  determination  of  «o!ar 
linen,  his  catalogue  of  stiindard  lines,  and  his  table  of  ulemenis 
occurring  in  the  sun;  Young's  table  of  chromospheric  lines,  cor- 
I'ected  and  extended  by  his  recent  observations ;  the  extcnsiou  of 
this  catalogne  into  the  ultra-violet  region  by  Hale  and  Dealaadre*, 
and  Hale's  work  upon  the  spectra  of  sun-spots  and  facalfe;  receDi 
discoveries  of  Hugcins,  Vogel,  Keeler,  and  Campbell  in  respect  to 
spectra  of  the  nebula.';  Keeler's  determinations  of  the  motion  "f 
nchulffi  in  the  line  of  sight ;  Langley's  remarkable  work  upon  ib^ 
ultra-red  region  of  the  solar  spectrum,  and  Abney's  table  of  wave- 
lengths of  solar  lines  in  the  ultra-red.  Very  great  changes  have 
been  made  also  in  the  part  relating  to  the  spectra  of  stars  of  the 
different  types,  the  amount  of  new  matter  added  being  very  con- 
siderable, and  well  representing  the  work  in  this  department  to 
the  date  of  piiblication.  A  very  Judicious  change  is  the  adopliai) 
oi  Rowland's  scale  of  wave-lengths,  unquestionably  the  niort 
accurate  now  extant,  and,  in  connection  with  his  pfaotogrsphii^ 
charts,  the  most  convenient  for  practical  use. 

The  volume,  as  thus  expanded,  has  but  few  pages  more  than 
the  original  work,  owing  not  only  to  the  slightly  larger  and  more 
compactly  printed  page  employed,  but  also,  as  explained  by  th* 
author,  to  the  fact  that  the  knglish  saves  in  space  nearly  one  psg^ 
for  every  ten  of  the  German  in  translation.  Professor  Fro*' 
has  executed  his  task  very  skillfully,  and  has  shown  exoeUeat 
judgment  in  the  selection  and  co-Ordination  of  the  new  malerilil 
The  style  is  clear  and  flowing,  and  remarkably  free  from  the 
stiffness  and  awkwardness  so  ditltcult  ot  avoidaace  in  a  translation. 
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Art.  XXXVI.  —  Description  of  Tertiary  Artiodactylea ; 

by  O.  C.  Marsh. 

The  main  object  of  the  present  paper  is  to  figure,  and  to 
lescribe  more  lully,  several  interesting  ungulate  mammals, 
evhich  have  been  previously  named  and  noticed  by  the  writer. 
A.  number  of  others,  mostly  allied  forms,  are  here  described  for 
the  first  time.  The  specimens  discussed  are  chiefly  from  the 
evestem  part  of  the  country.  Some  of  them  from  the  Miocene, 
iowever,  are  apparently  identical  with  those  found  on  the 
ALtlantic  coast,  and  thus  for  the  first  time  it  is  possible  to  make 
3iit  a  definite  horizon  in  the  Tertiary,  extending  nearly  across 
the  continent. 

Eocene  Bunodont  Aetiodactyles. 

The  Artiodactyles  known  from  the  Eocene  of  this  country 
are  few  in  number,  and  nearly  all  small  generalized  forms. 
The  oldest  hitherto  found  appear  to  have  suilline  affinities,  but 
the  others  cannot  be  placed  with  any  certainty  in  any  of  the 
existing  groups.  The  first  Artiodactyles,  so  far  as  now  known, 
are  preserved  in  the  lower  Eocene,  in  the  horizon  named  by 
the  writer  the  "  Coryphodon  beds, "  and  these  are  all  primitive 
forms.  In  the  middle  Eocene,  especially  in  the  "  Dinoceras 
beds, "  the  remains  of  these  mammals  are  more  abundant,  and 
some  of  them  permit  accurate  determination.  In  the  upper 
Eocene,  in  the  Diplacodon  horizon,  more  specialized  forms 
occur,  and  for  the  first  time  resemblance  to  several  modern 
types  can  be  recognized. 

EohyuB  distans,  sp.  no  v. 

The  present  genus  was  proposed  by  the  writer  in  1877,  in 
an  address  before  the  American  Association  for  the  Advance- 
ment of  Science.*  In  reviewing  the  extinct  ungulates  of  this 
country,  the  following  statement  was  then  made  in  regard  to 
the  present  group : — 

* iDiroduciioD  and  SuccessioD  of  Vertebrate  Life  in  America,  this  Jouroal,  vol. 
xi?,  p.  362,  1877. 

Am.  Joub.  Sol— Third  Series,  Vol.  XLVIII,  No.  284.— Sept.,  1894. 
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"The  Artiodactj'les,  or  even-toed  Ungulates,  are  the  most 
abnndaiit  of  the  larger  mammalB  now  hving;  and  the  group 
dates  back  at  least  to  the  lowest  Eocene.  Of  the  two  well 
marked  divisions  of  this  order,  the  Bunodonta  and  the  Seleno- 
dontB,  as  happily  defined  by  Kowalevsky,  the  former  is  the 
older  type,  which  must  have  separated  from  the  Perissodaetyle 
line  after  the  latter  had  become  differentiated  from  the  primi- 
tive Ungulate.  In  the  Coryphodon  beds  of  New  Mexico, 
occnrs  the  oldest  Artiodactyle  yet  fonnd,  but  it  is  at  preeeat 
known  only  from  fragmentary  specimene.  These  remains  are 
clearly  Suilline  in  character,  and  belong  to  the  genus  Eohyvfi. 
In  the  beds  above,  and  possibly  even  in  the  same  horizon,  the 

fenna  Tielohyva  is  not  uncommon,  and  several  species  are 
nown. "' 
The  type  specimen  of  the  genus  Eohyai  is  represented 
below,  natural  size,  in  figure  1.  Varions  other  remains  have 
been  found,  which  might  be  referred  to  this  species,  but  they 
give  but  little  definite  information  as  to  its  affinities,  since  it  is 
not  certain  that  the  reference  is  correct.  The  type  specimen 
is  a  last  npper  molar,  and  the  characters  of  its  crown  are  well 
shown  in  the  figure.  Another  upper  molar  shows  the  same 
essential  features.  Judging  from  these  specimens  alone,  the 
animal  woald  appear  to  have  been  a  Builtine,  or  at  all  events,  a 
bunodont  Artiodactyle.  Futnre  discoveriea  mnst  determine 
its  exact  position.  With  the  tipeeimcns  described  next  lielow. 
the  present  remains  represent  a  distinct  family,  which  may  be 
called  tlie  Eohyidce. 

Eohi/ita  robtiatnn,  sp.  nov. 

A  larger  species,  which  may  be  referred  provisionally  to  the 
genus  Eohyux,  is  represented  by  portions  of  a  pair  of  lower 
jaws  with  imperfect  teeth,  and  fragments  of  other  speeinieiis. 
Tlie  teeth  are  tubercular,  and  agree  sufiiciently  well  with  the 
type  of  the  genus  to  be  regarded  as  belonging  to  an  allied 
species.  The  lower  I'aws  are  very  short  and  robnst,  with  a 
strong  symphysis.  There  were  apparently  four  lower  pj-e- 
moinrs  and  tliree  molars,  forming  a  continuous  series,  measuring 
about  three  inches  in  length.  The  depth  of  the  jaw  below 
the  first  true  molar  was  one  inch.  The  remains  representing 
this  species  are  from  the  lower  Eocene  of  New  Mexico. 

Various  remains  of  animals  with  a  dentition  resembling  that 
of  suillines  have  been  described  by  Cope  under  the  generic 
name  Pei'ij>tyi.'/nti>,  whieh  is  preoccupied.  These  remains  are 
from  the  so-called  Puerco  deposits,  or  lower  Wahsatch  of  New 
Mexico,  H  horizon  lower  than  that  in  which  the  type  of  Eohyug 
was  discovered. 
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Parahyua  aheiTanSy  sp.  no  v. 

In  figure  2  below,  a  last  upper  molar  tooth  is  represented 
natnral  size,  which  may  be  reierred  to  the  present  genns, 
described  in  1876.*  There  can  be  little  doubt  that  the  type 
species,  as  well  as  the  present  tooth,  belonged  to  suilline  mam- 
mals, although  they  indicate  animals  much  larger  than  would  be 
expected  from  so  low  a  horizon.  Moreover  the  type  had  but 
three  lower  premolars,  and  thus  was  more  specialized  than 
most  of  the  ungulates  from  the  same  horizon. 

The  present  specimen  resembles  somewhat  the  last  upper 
molar  or  Ilomacodon^  but  shows  distinct  indications  of  a  third 
posterior  cone  on  its  inner  margin.  This  specimen  was  found 
in  the  Coryphodon  beds  of  Wyoming,  near  the  locality  where 
the  type  of  Parahyus  vagiis  was  discovered.  It  represents  an 
animal  about  half  as  large  as  the  type  of  the  genus. 

I.  2.  3.  4. 


Figure  1.— Last  upper  molar  of  Eohytu  distans^  Marsh ;  seen  from  below. 

PioUBE  2.~Tbe  same  tooth  of  Parahyua  aberrans.  Marsh ;  seen  from  below. 

Figure  3. — Astragalus  of  Hbmacodon  priscus,  Marsh ;  front  view.  All  three 
fig^ires  are  natural  size. 

Figure  4. — Astragalus  of  ffomacodon  pueillus,  Marsh ;  front  view.  Twice 
natural  size. 

Hbmacodon  priacua^  sp.  nov. 

Among  the  undoubted  Artiodactyles  of  the  lower  Eocene 
are  two  species  which  cannot  at  present  be  separated  from  the 
genos  Homacodon.  The  astragalus  of  one  of  these  is  repre- 
sented above  in  figure  3,  and  a  second  smaller  species, 
U.puciUvs^  in  figure  4.  The  other  known  remains  of  these  two 
species  are  not  aistinctive,  but  indicate  true  Artiodactyles  of 
tne  bnnodont  type,  and  are  interesting  mainly  from  proving 
the  existence  oi  such  forms  in  the  lower  Eocene.  They  occur 
in  the  Coryphodon  beds  of  Wyoming  and  New  Mexico. 

Teeth  resembling  those  of  Helohyua  are  likewise  found  in 
this  horizon,  but  it  is  not  certain  that  they  pertain  to  true 
Artiodactyles.  Some  have  been  referred  to  the  r erissodactyles. 
Others  may  belong  to  the  Mesodactyla. 

♦This  Journal,  vol.  xii,  p.  402,  November,  1876, 
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JJomaoodon   vagana,  1ST2. 

In  tlie  Diooceras  beds  of  the  Bridger  basin,  in  Wyoming, 
wbich  may  be  regarded  ae  middle  Eocene,  various  remaiiiaof 
Artiodactjles  have  been  found,  but  none  with  the  selenodont 
dentition.  All  yet  discovered  still  belong  to  the  biinodont 
division  of  Artiodadyla,  and  most  of  these  are  small  in  size. 
The  first  genus  discovered  and  described  was  Bomaco<Ion,xaA 
the  type  specimen  is  the  most  perfect  of  the  group  yet  found* 
In  figures  5  and  6  below,  the  upper  and  lower  molar  teeth  of 
this  specimen  are  represented,  and  in  figures  7  and  S,  the  dis- 
tal end  of  the  tibia  and  the  aetrugalus  of  the  same  individual 
are  also  shown,  all  twice  natural  size. 


I 


FiauRE  5.— Fpper  molar  seriee  oE  ITomacodon  Wlgmu,  Uarall ;  (type)  si 

FiOtTBB  6.— Lower  Mries  of  same  iDdivIdual;  aeeo  from  above. 
Both  Qgurea  are  twice  natural  size. 


The  present  genus  has  apparently  the  complete  dentition, 
orty-four  teeth,  although  the  type  specimen  does  not  reveal 
the  exact   number  of  incisors.     The  canines  are  large.     The 


forty-four  teeth,  although  the  type  specimen  does  not  reveal 
the  exact  number  of  incisors.  The  canines  are  l&rge.  The 
anterior   premolars,   above  and   below,  are  secant.     The   last 


upper  premolar  has  a  single  outer  cusp  and  one  inner  cone. 
The  upper  molars  have  each  two  conical  external  caepe. 
There  is  a  small  median  anterior  cusp,  also,  on  each.  The 
first  molar  has  three  posterior  cusps,  all  well  developed.  The 
second  molar  has  the  inner  posterior  cusp  small,  and  in  the 
third  molar,  this  is  wanting,  or  only  represented  by  the  basal 
ridge  from  which  the  others  were  derived. 

The  skull  of  the  type  specimen  of  the  present  species  has  a 
brain  case  of  fair  size,  and  a  sharp  sagittal  crest.  The  orbits 
are  not  closed  behind.  The  cervical  vertebrte  are  short,  and 
have  their  ends  oblique,  indicating  a  curved  neck.  The  dorsals 
are  of  moderate  length,  with  the  centra  broad,  and  their  ends 
flat.  The  posterior  trunk  vertebra;  are  all  keeled  below. 
•  Tliis  Joiinial,  vol.  iv,  p,  126,  August,  1872. 
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re  appe&r  to  bave  been  five  digits  in  the  maaus,  and  the 
sumber  in  the  pes,  althongh  probably  only  four  were 
inal.     The  animal  wae  about  the  size  of  a  email  rabbit, 
present  genuB  with  the  one  next  described  represent  a 
t  family,  which  may  be  called  the  IIomacodontidcB. 

sr  the  establishment  of  the  genus  Homacodon,  by  the 
in  1872,  Cope  proposed  tlie  name  Pantolestes  for  a 
inimal  from  essentially  the  same  horizon.  The  type  was 
r  jaw,  with  the  teeth  too  imperfect  for  exact  determina- 
mt  the  animal  was  referred  to  the  Lemuroids.*  This 
ice  was  eubsequently  strengthened  by  Cope,  who  placed 
pecimen  in  the  genus  ifotharctua  of  Leidy,  with 
lesles  as  a  synonym.f  Afterwards  he  revived  the  name 
lestes,  and  placed  aader  it  remains  of  Artiodactyles, 
videutly  pertaining  to  the  genns  Homacodon,  and  later 
i  included  other  species,  bnt  none  of  them  apparently 
t  from  that  genns. 


E     1. — Tibia  or  HomaoKlon  vagaia  :  (type)  distal  end.     i,  libia ;  /  fibula. 

E    S. — Astragalus  ot  same  individual ;  front  view. 

B    9. — Tibia  of  Ximomeryx  caadalaa,  Uarsb :  dist&l  end. 

E  10. — Astragalus  of  same  spacies  ;  front  view. 

All  the  figures  are  twice  natural  size. 

Nanomeryx  eaudatus,  gen.  et  sp.  nov. 

genus  appears  to  be  nearly  related  to  Homacodon,  with 
it  agrees  in  several  respects,  but  may  be  distingnished 
t  by  the  fact  that  the  fibula  is  reduced,  and  coossified 
'  with  the  tibia.  The  lower  jaws  are  more  slender  and 
issed  than  in  Homacodon,  and  there  is  a  short  diastema 
n  the  canine  and  tirst  lower  premolar.  The  bones  of 
ileton,  even  the  vertebrae,  are  very  hollow. 


The  linmerne  is  perforated  above  the  lower  condyle,  and  tlie 
inner  condylar  margin  is  without  the  process  cbaracterietic  of 
Ihmacodon,  The  radius  and  olna  are  separate,  but  the  latter 
bone  is  quite  slender.  The  iibula  is  iucomplete.  The  lower 
part  has  coalesced  entirely  with  the  tibia,  but  the  sntnre 
remains  distinct,  except  in  very  old  individuals.  In  figures  ft 
and  10,  the  distal  end  of  the  tibia  and  the  astra^lue  of  this 
species  are  represented  twice  natural  size. 

The  present  species  is  only  about  half  as  large  as  Homacodon 
vagans,  and  is  tlius  one  of  the  smallest  Eocene  Artiodactyles 
known.  The  first  specimens  discovered  were  fonnd  by  the 
writer  in  1870,  near  Fort  Biidger,  Wyoming.  The  type 
specimen  here  described  is  from  the  same  re^on.  All  are 
from  the  Binoceras  beds  of  the  middle  Eocene. 


Htlohyue  pUcadoii,  1872.* 


—Last  upper  molar  of  Helahyut  plieodim,  Utmh  ;  (type)  m 

Floi'BE  12.  —  Second  aod  third  upper  iDolars  of  same  Epecies. 

Figure  13.— Tlirw  worn  upper  molare  of  same. 

Figure  1 1.  — [.ower  letth  of  aame. 

FiotRK  15, — last  Inwcr  molar  of  Helohyua  {Thinolhtrivm)  validat,  Uareli :  top 


FiouBB  1G,— Tbesi 


le  lootli  of  Belohyna  (Elollieriara)  leiitut,  Uareb. 
.Ml  tlie  Qgiirea  are  natural  size. 


The  genus  Ilelohijus,  as  at  present  known,  includes  several 
species  of  suillinc  mammals,  all  much  larger  than  those  of 
IloJiiaeodon,  and  most  of  them,  at  least,  from  a  higher  horizon 
of  the  middle  Eocene.  The  typo  specimen  of  the  present 
species,  which  is  also  the  type  of  the  genus,  includes  the  last 
upper  molar  represented  natural  size,  in  figure  11  above.  This 
18  in  fine  preservation,  and  shows  clearly  the  characteristic 
features  of  the  crown.  Other  remains  found  with  the  type, 
and  still  others  from  the  same  locality  or  horizon,  give  more 
characters  of  the  genus,  although  no  single  skeleton  is  known 
•  This  Journal,  vol.  iv,  p.  207,  September,  1872. 
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as  complete  as  that  of  Homacodon.  Figure  12  above  shows 
the  second  and  third  upper  molars  of  the  present  species; 
figure  13,  three  upper  molars  of  an  old  animal ;  and  figure  14, 
the  lower  teeth,  ail  natural  size.  The  astragalus  is  well  shown 
in  figure  17.  The  upper  molars  resemble  those  of  Homacodon^ 
but  differ  in  having  but  two  posterior  cones. 

17. 
a  h  c 


FiGiTRE  1*7. — Astragalus  of  Helohyus  plicodon.    Natural  size,     a,  front  view; 
h,  eide  view ;  c,  back  view. 

Two  other  species  which  probably  should  be  referred  to  the 
present  genus  are  Thinotfterium  validuja  and  Elotheriiim 
lentuTTij  described  by  the  writer  from  specimens  found  in  the 
same  region  as  the  type  of  Helohyus,  The  last  lower  molar 
of  each  is  shown  in  figures  15  and  16.  It  is  quite  possible  that 
another  allied  species  was  described  by  the  writer  under  the 
name  Stena,codon  rarua^  but  at  present  the  exact  relationship 
between  these  forms  cannot  be  determined.  All  are  from  the 
middle  Eocene  of  Wyoming. 

EocEXB  Selenodont  Artiodactyles. 

In  the  autumn  of  1870,  the  writer  explored  a  new  Tertiary 
lake-basin,  which  he  had  discovered  south  of  the  Uinta 
mountains,  in  Utah.  This  exploration  was  carried  on  with 
great  hardship  and  much  danger  from  hostile  Indians,  but 
proved  conclusively  that  this  lake-basin  was  of  late  Eocene 
age,  and  it  was  subsequently  named  by  the  writer,  the  Uinta 
basin.  The  first  results  of  this  exploration  were  published  in 
an  article  "  On  the  Geology  of  the  Eastern  Uinta  Mountains,"* 
a  paper  that  appears  to  have  been  overlooked  by  several  recent 
writers  on  the  subject.  This  Eocene  lake-basin  was  quite  dis- 
tinct from  the  older  Bridger  basin,  north  of  the  Uinta 
mountains,  which  the  writer  also  first  explored  in  1870. 
These  researches  further  resulted  in  securing  many  new  verte- 
brate fossils  from  each  basin.  The  two  were  later  distinguished 
by  the  writer,  by  names  taken  from  the  largest  and  most  char- 
acteristic animals  found  in  them.  The  strata  of  the  Uinta 
basin  were  thus  named  the  "  Diplacodon  beds,"  and  those  of 
the  northern  lake  deposits,  the  "  Dinoceras  beds." 

♦This  Journal,  vol.  i,  p.  191,  March,  1871. 
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Among  the  interesting  foasils  found  by  the  writer  in  the 
Uinta  basin,  in  1870,  were  i-emainsof  three  small  Artiodactylea, 
each  with  selenodont  dentition,  the  earlieet  then  known  in  the 
country.  One  of  these  animals  was  described  under  the  name 
Agriocheerug  pumifvs*  as  the  lower  teeth  and  other  portion* 
secured  resemhled  strongly  the  correeponding  parts  pertaining 
to  that  genus,  as  known  from  a  higher  horleon.  Subsequent 
discoveries  proved  that  these  remains  were  distinct  from  those 
of  Agriochwrm,  the  npper  molars  resembling  more  nearly 
those  of  Ancodii«  {Hyopoiamns),  bnt  in  reality  representing  n  ' 
new  genns,  which  was  named  by  the  writer  Eomeryx,  in  tlie 
address  already  cited.f 


FiotTHB  18. —  Upper  teeth  of  Eomtryx  pumilyt.  Mereh;  seen  from  below. 
Natural  etze. 

In  the  address  quoted,  the  writer  defined  the  Uinta  Artio- 
dactvles  with  eelenodont  dentition,  as  follows :  "  In  the 
Diplacoihrn  horizon  of  the  upper  Eocene,  the  Selenodont  den- 
tition is  no  longer  doubtful,  as  it  is  seen  in  most  of  the 
Artiodactyla  yet  found  in  these  beds.  These  animals  are  all 
small,  and  belong  to  at  least  three  distinct  genera.  One  of 
these,  Eomeryx,  cloaely  resembles  Homacodon  in  most  of  its 
skeleton,  and  has  four  toes,  but  its  teeth  show  well  marked 
crescents,  and  a  partial  transition  to  the  teeth  of  Hyopotamut, 
from  the  Eocene  of  Europe.  With  this  genns,  is  another 
{Parameryx),  also  closely  allied  to  Honiacodon,  bat  apparently 
a  straggler  from  the  true  line,  as  it  has  but  three  toes  behind. 
The  most  pronounced  Selenodont  in  tho  upper  Eocene  is  the 
Oromeryx,  which  genus  appears  to  be  allied  to  the  existing 
Deer  family,  or  Cei-vida,  and  if  so  is  the  oldest  known  repre- 
sentative of  the  group.  These  facta  are  important,  as  it  has 
been  supposed,  until  very  recently,  that  our  Eocene  contained 
no  even-lioofed  mammals."  Again  in  speaking  of  the  Oreo- 
donts  in  the  Miocene,  the  following  statement  is  made  :  "  The 
least  specialized,  and  apparently  the  oldest,  genns  of  this 
gi-onp  is  Aijriochcerus,  which  so  nearly  resembles  the  older 
Ilyopotamifs,  and  the  still  more  ancient  Eomeiyx,  that  we  can 
hardly  doubt  that  they  ail  belonged  to  the  same  ancestral  line." 
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By  subsequent  researches  in  the  Uinta  basin,  the  writer 
3nred  many  additional  remains  of  all  these  three  Artio- 
ctyles,  and  in  regard  to  Eomeryx^  at  least,  nearly  all  the 
iportant  characters  can  thus  be  determined.  These  speci- 
^ns  confirm  in  a  decisive  manner  the  original  determination 
the  essential  features  and  affinities  of  the  animal  described 
)m  the  first  fragmentary  remains. 

The  skull  of  Eomeryx  has  the  same  general  form  as  that  of 
yriochoervs^  and  the  lower  jaw  and  dentition  are  essentially 
e  same.  As  in  that  genus,  there  is  no  lachrymal  fossa,  and 
e  orbit  is  not  closed  oehind.  The  complete  dentition  of 
rty-four  teeth  is  a  primitive  character  to  be  expected  from 
horizon  lower  than  that  of  Agriochcerus.  In  this  respect 
d  in  several  others,  especially  in  the  feet,  Eomeryx  shows  a 
arer  relationship  to  Oreodon^  with  which  it  certainly  has 
•ong  affinities. 

The  upper  molars,  as  shown  above,  natural  size,  in  figure  18, 
ve  the  characteristic  fifth  lobe  on  the  front  of  the  crown, 
in  the  AncodontidcB,  or  ffyopotamus  family,  and  this 
atnre  alone,  given  in  the  original  description  of  the  genus, 
rved  to  distinguish  Eomeryx  from  any  allied  forms  m  the 
rata  in  which  it  was  found.  The  lower  molars  are  shown  in 
rure  22. 


19. 


Figure  19. — Upper  teeth  of  JJyomeryx  breviceps,  Marsh;    seen  from  below, 
itural  size. 

The  limbs  and  feet  of  Eomeryx  are  of  much  interest.  The 
idius  and  ulna  are  distinct,  and  of  nearly  equal  size.  There 
*e  four  functional  digits  in  the  manus,  and  the  first  was  also 
^presented,  although  of  little  use.  In  the  hind  limbs,  .the 
bula  was  slender,  but  complete.  There  were  four  functional 
)es  in  the  pes,  all  well  developed,  and  a  remnant,  at  least,  of 
16  first  was  present.  The  digits  were  terminated  by  narrow 
oofs,  similar  to  those  in  Oreodon. 

The  genus  Eomeryx,  as  thus  determined,  clearly  represents 
distinct  family,  which  may  be  called  the  Eomertcidce.  This 
roup  includes  the  genus  Hyomeryx,  described  below,  and 
)DtainB  the  oldest  selenodont  suillines  in  this  country.  It 
id  for  its  predecessors  Helohyus  and  Homa^codon  from  the 
rata  of  the  Dinoceras  beds. 


The  present  genns  and  species,  Eomeryr  pumiltis,  were 
redescribed  by  Scott  and  Oaborn,  in  1887,  nnder  the  name 
I^rotoreodon  pamun  (Proc.  Amer.  Philoe.  Soc,  vol.  xxiv,  p. 
257),  and  later,  in  ISSi),  by  Scott,  more  in  detail  (Trans.  Amer. 
Philos.  Soc.,  vol.  xvi,  p.  487).  No  reference  was  made  in 
either  paper  to  tJie  article  by  the  writer,  cited  above,  relating  to 
the  Uinta  basin,  and  the  gtatements  made  concerning  the  first 
researches  in  the  basin  are  inaccarate.  The  descripttoo  and 
figures  are  in  the  main  correct. 


FICCBR  so.— L'ppcr  niulBP  of  I'aroiiitiY^  'avis,  M»rsb  ;  Mven  from  !«1oi 
FionsB  21,— AalrBpiUinor  Hnme  8pecic» ;  front  view 
FlsDSI  i3. — Vower  moiara  at  fiomcryx  (Agrioehana^  ptimiria :  tepti^ic. 
The  Sgure^  are  all  QBCorA!  ixte. 

Hyomtryx  bmvicepa,  gen.  et  ^  nor.  . 

The  present  genua  is  nearly  allied  to  Eomeryx,  bnt  reprfr 
sents  a  more  specialized  form.  The  fikuU  is  shorter,  partica- 
larly  in  the  facial  region,  hut  the  most  important  difference  it 
seen  in  the  premaxillaries.  In  the  present  type,  these  are 
very  ninch  reduced,  and  thorouf^hly  cooaeitied  with  the  rnaiit- 
laries.  They  cover  the  canines  in  front,  but  contain  no 
incisors.  The  upper  canines  are  smaller  than  those  of  Eomeryr,, 
and  tlie  maxillaries  containing  them  are  less  robust.  There  is 
n  diastema  behind  the  upper  canine,  and  the  molars  agree  in 
form  with  those  of  Eotmfyx.  The  lower  jaws  have  the  full 
dentition,  the  first  premolar  being  cauiniform,  as  in  Eomenji 
and  Oreudon,  bnt  the  lower  jaws  are  less  massive  than  in  those 
genera,  especially  in  front.  Figure  19  shows  the  upper  teeth 
of  the  type  specimen. 

There  appear  to  be  four  functional  digits  in  the  fore  feet, 
and  the  first  is  probably  represented  in  a  much  reduced  form. 
In  the  hind  feet,  also,  there  are  four  functional  digits,  and  i 
remnant  of  the  fifth  is  still  retained. 

The  typo  specimen  of  the  present  genus  is  from  nearly  th* 
same  horizon  as  the  type  of  Eomeryx.  The  present  specie* 
was  aboat  two-thirds  the  eize  of  Eomeryx pumUu^. 
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Parameryx  Icevis,  sp.  no  v. 

The  second  genns  of  selenodont  ungulates  referred  to  in  the 
address  quoted  is  quite  distinct  from  Eomeryx^  but  is  known 
from  less  perfect  remains.  It  may  readily  be  distinguished 
from  that  genus  by  the  upper  molars  that  lack  the  extra  fifth 
cone,  and  by  the  slender,  compressed  lower  jaws,  without  a 
caniniform  nrst  premolar.  The  limbs  and  feet,  also,  show 
important  differences.  In  the  hind  feet,  there  were  but  two 
functional  digits,  although  the  second  was  present  in  a  reduced 
form.  An  upper  molar  and  the  astragalus  of  this  species  are 
shown  in  figures  20  and  21. 

In  size,  the  present  species  was  smaller  than  the  type  of 
Eomeryx,  and  of  more  slender  proportions.  There  appear  to 
be  one  or  two  species  of  the  present  genus  besides  tne  type. 
One  of  these  may  be  distinguished  by  the  lower  jaws,  which 
have  a  deep  groove  on  the  inner  face  of  the  ramus,  extending 
forward  nearly  to  the  symphysis.  This  form  may  be  known 
as  Parameryx  sulcatics. 

In  the  address  already  quoted,  this  genus  was  regarded  as 
possibly  related  to  the  Camels  and  Llamas,  but  until  additional 
remains  are  found,  its  exact  aflSnities  must  remain  in  doubt. 

In  the  two  publications  above  cited,  Scott  and  Osbom  have 
riven  the  name  Leptotragulus  to  certain  Artiodactyle  remains 
irora  the  Uinta  deposits,  but  it  does  not  appear  from  the 
descriptions  or  figures,  that  the  specimens  described  are  dis- 
tinct from  those  on  which  the  genus  Parameryx  was  estab- 
lished. Some  of  them  are  apparently  identical,  although  the 
species  may  be  different.  Others  may  pertain  to  Oromeryx^  a 
genns  certainly  distinct  from  Leptotragxdua^  as  described. 

Oromeryx  plicatuSy  sp.  nov. 

23. 


Figure  23. — Upper  teeth  of  Oromei-yx  plicatus,  Marsh ;    seen  from  belo^v. 
Natural  size. 

The  third  genus  of  Artiodactyles  with  selenodont  dentition 
found  in  the  Uinta  basin  by  the  writer,  and  noticed  in  the 
address  above  quoted,  is  Oromeryx,  This  genus  is  represented 
by  numerous  remains,  many  jof  them  in  good  condition,  which 
^ord  characters  for  distinguishing  it  from  those  above  described. 
They  represent,  moreover,  animals  somewhat  smaller  in  size 
than  those  already  noticed,   and  of   proportions  still   more 
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twenty-two  in  number.  The  first  lower  premolar'^has  assnmed 
the  form  and  function  of  a  canine,  the  true  lower  canine  being 
aoite  small,  and  resembling  the  incisors.  The  type  specimen 
ngared  is  from  the  Protoceras  horizon  in  South  Dakota- 


25. 


Thinohytis,  1875.* 

26. 


27. 


FiOCBE  25, — Last  upper  molars  of  Thinohyus  socialis,  Marsh ;  seen  from  below. 
Figure  26. — Last  upper  molar  of  Thinohyus  lentus.  Marsh. 
Figure  27. — Second  lower  molar  of  Thinohyus  antiquus^  Marsh ;  top  view. 

All  the  figures  are  natural  size. 

28. 


FiGURB  28. — Lower  teeth  of  Thinohyus  nanus^  Marsh ;  top  view.    Natural  size. 

Thinohyus  nanuSy  sp.  no  v. 

The  present  species  is  the  smallest  of  the  genus  yet  dis- 
covered. The  specimen  selected  as  the  type  is  represented  in 
figure  28  above,  natural  size.  It  is  a  left  lower  jaw,  with  the 
fUrd  and  fourth  premolars  and  the  three  molars  in  place.  The 
front  of  the  jaw  is  not  preserved,  but  the  alveole  of  a  large 
canine  is  present,  and  also  those  of  the  first  and  second  pre- 
molars, which  were  evidently  secant.  There  was  apparently 
no  diastema  behind  the  canine,  and  the  whole  jaw  was  unusually 
short  and  robust.  The  type  specimen  is  from  the  Miocene  of 
South  Dakota,  but  the  exact  horizon  is  not  known. 

Two  other  species  of  the  present  genus,  from  the  Miocene 
of  Oregon,  have  already  been  described  by  the  writer,  and  in 
figures  25  and  26  typical  specimens  of  both  are  shown.  The 
largest  species  is  Tninohyua  {Dicotyles)  antiquus,  from  the 
same  honzon  in  New  Jersey,  and  the  type  is  shown  in  figure  27. 

Leptochcerus  gracilis^  sp.  nov. 

The  genus  Leptochcerus  was  established  by  Leidy  in  1856, 
the  type  specimen  being  the  fragment  of  a  small  lower  jaw 
containing  two  molar  teeth,  supposed  to  pertain  to  a  suilline 
munmal.f  Other  remains  subsequently  referred  to  the  same 
gienos  threw  no  additional  light  on  the  affinities  of  the  animal, 
which  up  to  the  present  time  have  remained  in  doubt. 

♦  This  Journal,  vol.  ix,  p.  248,  March,  1815. 
f  Proc.  Acad.  Nat.  ScL  Phila.,  p.  88,  1856. 


272     0.  C.  Marah^Deseription  ofTeriittry  ArUoSaeiytei. 

A  Hpecimen  in  tbo  Yale  Museum  representing  a  different 
species,  apparently  pertains  to  the  same  genus,  and  prove?, 
moreover,  that  the  original  suggestion  as  to  tlio  natare  of  the 
animal  was  probably  correct.  This  specimen  is  in  line  preser- 
vation, and  consists  of  the  skull  and  greater  portion  of  the 
skeleton  of  an  adnlt  individual  about  as  large  as  a  rabbit.  One 
interesting  feature  of  the  skull  is  the  comparatively  large  size 
of  the  brain  cavity,  and  the  cast  it  contains  shows  well-niarke>l 
convolutions.  The  dentition  is  of  special  interest.  The  npper 
molafs  resemble  those  of  l/eloAtfus,  especially  the  last  molar  uf 
that  genus.  They  have  each  two  outer  conee,  a  single  large 
inner  cusp,  and  two  intermediate  lobes,  the  anterior  miiting 
by  wear  with  the  inner  cusp  so  as  to  form  a  crest.  The  fonrth 
premolar  has  a  single  outer  cone  and  one  inner  cusp.  The 
third  premolar  is  very  large,  and  eubtriangular  in  outline.  The 
second  premolar  is  secant,  and  behind  it  is  a  well-markad 
diastema.     The  teeth  are  shown  in  figares  29  and  30  below- 


— Ufiper  teelti  of  Ltpioch(T.rat  gracilia,  Uareh.;  aem  from  belo' 
FiCLRE  30. — Luwtr  t^plli  uf  thE>  same  skull;  icp  view. 
Both  Q^ursB  are  twi(^e  natural  size. 

The  lower  jaws  in  the  present  species  are  slender,  especially 
in  front.  The  tower  molars  are  very  small,  decreasing  in  eim 
to  the  last  The  fourth  premolar  is  larger  than  the  first  molar, 
The  anterior  premolars  ai-e  secant,  and  there  is  a  diastema  in 
front  and  behind  the  second.  There  is  a  deep  groove  on  the 
inner  side  of  the  lower  jaw,  extending  from  the  dental  foramen 
nearly  to  the  symphysis. 

The  radius  and  ulna  are  separate,  and  the  latter  well  devel- 
oped. There  were  apparently  four  functional  digits  in  the 
manuB.  The  libuta  is  much  reduced.  Its  lower  portion  bu 
coalesced  with  the  tibia.  The  hind  foot  resembles  that  of 
Homacodon,  having  four  usable  digits,  but  tbe  navicular  and 
cnboid  are  codssified,  an  nnexpectea  feature. 
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Theee  remaiDB  prove  that  the  animal  they  represent  belonged 
to  a  distinct  family,  which  may  be  called  the  Leptoehmridm, 
The  type  specimen  of  the  present  species  is  from  the  Miocene 
of  Soath  Dakota. 

Calops  crislatus,  1894. 

The  peculiar  Artiodactyle  deecribed  under  the  above  name, 
in  a  late  number  of  this  Jonmal  (p.  94),  had  many  featnres  of 
interest  besides  those  mentioned  in  the  original  description. 
Some  of  these  are  as  follows ; 

The  brain  was  comparatively  well  developed,  and  an 
onnsQally  large  part  of  the  cerebral  lobes  was  covered  by  the 
parietals.  The  frontal  region  of  the  skull  between  the  orbits 
was  more  or  less  concave.  The  antorbital  depressions  extend 
well  forward.  There  is  a  diastema  between  the  upper  canine 
and  the  first  premolar,  and  between  the  first  and  second  pre- 
molars. The  canines  above  and  below  are  small.  The  first 
lower  premolar  appears  to  be  wanting.  TLe  second  and  third 
premolars  have  secant  crowns,  much  elongated  fore  and  aft. 
The  postelenoid  process  is  quite  small,  but  the  paroccipital  is 
large  an<r  robust.  The  lower  jaw  has  a  very  snort  coronoid 
process,  and  the  condyle  is  sessile.  The  angle  of  the  jaw  is 
welt  ronndod  and  somewhat  dependent. 

Pliocbms  Abtiodacttles. 


FlflUBB  31. — Blniuii weooTidlommmoian of  Plalygonua rex,  Marsh;  topvieiv. 
FiGUBB  33.— Last  lower  molar  of  Bame  ipedea;  jounglootb;  lop  view. 
Both  flf^rea  are  natural  aizo. 

Platygonug  rex,  sp.  nov. 
The  present  species  is  the  largest  of  the  genus  yet  dis- 
covered. The  type  specimen  is  represented  natural  size,  in 
fignre  31  above.  In  iigure  32,  a  last  lower  molar  of  the  same 
species  is  shown,  but  it  is  a  young  tooth  which  bad  not  yet 
come  into  wear.  The  peculiarity  of  these  molar  teeth,  aside 
from  their  size,  is  that  the  crowns  are  mainly  composed  of  well- 
rounded,  conical  tubercles,  few  in  number,  ana  placed  sys- 
tematically. The  crowns  of  the  first  and  second  molars  are 
each  composed  of  four  large  cones,  nearly  equal  in  size,  and 
the  last  molar  has  five. 


874     0.  O.  Mar»h — Deacription  ef  TerUary  ArtiodactyUt. 

Tbia  simplicity  of  etructore  h  characteristic  of  the  Eocene 
Bnillines,  as  already  sbotrn  in  the  preBent  article.  In  lower 
Miocene  fonna,  it  is  less  distinct.  The  type  specimen  of  the 
present  species  and  other  remains  were  obtained  by  the  writer, 
ijj  1871,  from  the  Pliocene  deposits  of  eastern  Oregon. 

Procarnclu«  ailug,  ap.  nov. 
In  the  same  horizon  in  eastern  Oregon  in  which  is  fonnd  the 
peccary  last  described,  remains  of  a  very  large  extinct  camel  also 
occnr.  Various  portions  of  the  skull  and  skeleton  were  secured 
bv  the  writer,  and  these  all  appear  to  pertain  to  the  genns 
Procamelus,  as  described  by  Leidy.  These  remains  indicate 
a  camel  exceeding  in  size  any  previously  described  from  tills 
country,  and  one  in  which  the  extremities  were  eepeciall^ 
elongated.  In  figures  33  and  31  below,  the  calcanenm  of  tbu 
animal  is  represcuted  one-fourth  natnral  size.  The  known 
remains  of  this  species  are  from  the  Pliocene  deposits,  noarlhe 
Jolin  Day  Uiver,  in  Oregon. 


Pioms  33. -Left  calcaneiun  ol /VocameiM  a/tt«,  Marsh;  

FiucKK  34.— The  same  bone ;  front  view.     Both  figures  are  one-foiuih  nstanl 
size,    n,  face  for  hstragalua ;  ■%  face  for  cuboid ;  /,  face  (or  fibula. 

Correlation  of  Miocene  Hobizoss. 
In  the  July  number  of  this  Joarnal,  the  writer  made  the 
announcement  tliat  the  horizon  in  the  Miocene  dei)08it5  of 
Oregon,  which  he  had  explored  many  years  since,  and  named 
the  Miohippus  beds,  was  also  represented  east  of  the  Roelj 
Mountains,  and  in  the  same  relative  position,  various  vertebrate 
fossils  being  common  to  both.  In  a  provioos  number  of  tlie 
Journal  (November,  1893),  the  writer  had  stated  that  a  distinct 
horizon  in  tiie  Miocene  on  the  Atlantic  coast,  named  by  bito 
tlie  Ammodon  beds,  corresponded  to  one  in  the  Rocky  moan- 
tain  region,  in  whicli  the  same  genus,  Ammodon,  had  been 
found.  More  recent  researches  have  brouglit  out  the  interesting 
fact  tliat  this  horizon  is  essentially  the  same  as  the  Miohippw 
beds  of  the  centra!  regioci,  and  as  those  on  the  Pacific  coast  u 
well,  so  that  at  last  a  definite  horizon  is  determined  in  tb« 
Miocene,  extending  across  the  continent. 
Yule  UuirerBily  Mimeuin,  Nevr  Haven,  CoQti.,  August  IG,  1894. 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[THIRD   SERIES.] 


-♦«♦- 


Art.  XXXVII. — An  Aurifei^mis  Conglomerate  of  Jurassic 
Age  from  the  Sierra  J^evada;  by  W.  Lindgren. 

Some  of  the  largest  quartz  veins  of  the  ^old  belt  of  the 
Sierra  Nevada  intersect  the  Mariposa  beds,  the  most  recent 
sedimentary  member  of  the  bedrock  series  of  that  range.  The 
age  of  these  beds  has  long  been  in  some  doubt  but  tlie  latest 
investigations*  appear  to  render  it  almost  certain  that  they  should 
be  considered  as  belonging  to  the  uppermost  Jurassic.  Hence 
the  quartz  veins  of  the  gold  belt  have  generally  been  con- 
ceded to  have  been  formed  shortly  after  the  post-Mariposa 
mountain  building  disturbance ;  the  time  limits  would  be  the 
end  of  the  Jurassic  on  the  one  hand  and  the  beginning  of  the 
Chico-Cretaceous  on  the  other.  The  disintegration  of  these 
auriferous  veins  has  furnished  the  material  for  the  Cretaceous, 
Tertiary  and  Pleistocene  gravel  beds. 

There  is  evidence  that  the  Sierra  Nevada  has  remained 
elevated  above  the  sea  since  the  beginning  of  the  Chico  Cre- 
taceous, for  beds  of  that  age  are  found  in  nearly  horizontal 
position  along  the  western  K)ot  of  the  range.  The  accumula- 
tion of  the  auriferous  gravels  must  thus  have  begun  already 
during  the  earlier  part  of  the  Chico  period ;  at  Polsom,  for 
instance,  a  small  area  of  these  Cretaceous  sandstones  is  found 
in  the  deepest  part  of  a  depression  occupied  bv  Neocene  gravel 
deposits ;  below  them,  on  the  granitic  bedrocK,  a  thin  layer  of 
auriferous  gravel  occurs.     The  configuration  of   the  bedrock 

■ 

*  Alpheos  Hyatt,  Trias  and  Jura  in  tho  Western  States.  Bull.  Geol.  Soc.  Am  , 
vol.  T.  p.  395.  James  Perrin  Smith,  Age  of  tlie  Auriferous  Slates  of  the  Sierra 
NevBda.    Bull.  Geol.  Soc.  Am.,  vol.  v,  p.  243. 
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at  thiR  point  proves  that  already  duriii^  tlie  Cretaceous  the 
river  courses  vrere  outlined  which,  during  the  Tertiary,  were 
fnrtlier  eroded  and  then  filled  with  gravel.  From  theDorthem 
part  of  thi:  State  Mr,  R,  L.  Dunn  has  recently,  in  a  paper 
written  for  the  State  Mineralo^ical  Bureau  but  not  yet  ptib-  ■ 
liahed,  deeeribed  an  interesting  occurrence  of  auriferous  rii-er 
gmvei  from  underneath  the  Chico  sandstones. 

A  moat  marked  unconformity  exiBte  at  Foleoni  between  tbe 
horiKontal  Chico  BandBtones  and  tbe  vertical  and  bighlj  com' 
pressed  Mariposa  beds  ;  the  latter  are  besides  cnt  oQ.  and  luet^ 
murpliosed  by  the  adjoining  intrusive  mass  of  granodiorite. 

In  view  of  the  facts  presented  above  it  is  of  some  interest 
to  find  an  auriferous  conglomerate  in  the  Mariposa  beds  indi- 
cating that  at  least  some  of  the  quartz  veins  antedate  the  post- 
Mariposa  upheaval. 

Before  describing  the  occurrence  it  may  not  be  amiss  to 
devote  a  few  lines  to  the  sedimentary  formations  of  the  vicin- 
ity. The  larger  part  of  the  sedimentary  area  of  the  gold  belt 
is,  as  shown  by  the  work  of  the  U.  S.  Geological  Survey,  of 
pre-.rurassic  age.  Most  prominent  are  the  Paleozoic,  probably 
mostly  Carboniferous  rocks  and  smaller  belt  only  belong  to 
the  Trias,  the  Jura-Trias  and  to  the  Jura.  Some  of  the  results 
attained  in  the  gold  belt  south  of  the  fortieth  parallel  have 
l>een  set  forth  by  Mr.  H.  W.  Turner  in  a  paper  published 
in  the  American  Geologist.  April,  1S94, 

Tlic  locality  tu  be  describcil  here  is  found  in  Placer  County, 
on  the  ridge  between  the  North  and  Middle  Forks  of  the 
American  river  at  an  elevation  of  abont  2101)  above  the  sea 
and  is  mapped  on  the  PJacerville  atlas  sheet,  N.W.  corner. 

Beginning  from  tlie  edge  of  the  Great  Valley  there  is  first 
a  broad  area  of  granodiorite,  followed  by  a  belt  of  diabase 
and  greenstone  schists,  which  again  are  adjoined  on  the  east 
by  a  series  of  Paleozoic  sedimentary  rocks,  probably  all  Car- 
boniferous (Calaveras  formittion).  They  consi.st  of  black,  not 
very  fissile  clayslatcs  and  tine,  dark  colored  sandstones,  hut 
besides  these  and  characteristic  of  the  formation  in  this  vicinity. 
there  ai-e  heaiT  l>eds  and  lenticuhu'  musses  of  crystalline  lime- 
stone very  froijuentiv  chanjied  to  a  hhick  or  gray  chert  <ir 
phthanitc.'    The  strike   is   nearly   X.~S.,   the  dip  TO^-itii"  E. 

Adjoining  this  scries  on  the  east  are  the  Slartposa  beds. 
Through  the  soutborn  part  of  KIdurado  Co.  they  can  be  traced 
without  difficulty  as  a  belt  from  i  to  y  miles  wide.  At  Placer- 
ville  they  begin  to  widen  and  intrusive  bodies  of  diabase  and 
porphyritie  in  part  made  schistose  by  dynamo-metaniorphie 
action  appear  in  tliem,  splitting  the  series  into  two  and  tliree 
belts.  The  eastern  line  of  demarcation  towards  the  Paleozoic 
beds  adjoining  again  on  the  east,  as  laid  down  on  Placcrville 
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sheet,  is  somewhat  doubtful   between   Placerville    and    the 
northern   edge  of  the  sheet ;  both   at   Spanish   Flat   and  at 
Georgetown,  Mesozoic  fossils  have  been  found  and  the  line  has 
therefore  been    drawn  so  as  to  include  both  these  localities. 
Up  to  the  Middle  Fork  of  the  Arfterican  river  the  prevailing 
rock  of  the  Mariposa  beds  is  a  black  fissile  slate  sometimes,  as 
at  Greenwood,  alternating  with  thin  beds  of  dark  tufaceous 
sandstone.     At  the  latter  place  the  contact  with  the  underly- 
ing Calaveras  formation  is  well  exposed  with  apparent  con- 
formity both  dipping  70°-80°  east.     From  here  up  to  Colfax, 
a  distance  of  about  12  miles  the  character  of  the  Mariposa 
beds  change.    Conglomerates  appear  in  places  near  the  western 
contact,  the  black  slates  become  less  fissile  and  more  jointed 
and  contain  abundant  beds  of  dark  tufaceous  sandstones  and 
breccias ;   the  latter  are  composed   of  slate,   phthanite  and 
limestone  from  the  Calaveras  formation  together  with  frag- 
ments of  basic  igneous  rocks.     Besides  dikes  and  masses  of 
the  latter  cut  across  the  strata.     The  breccias  appear  mostly 
conformably  in  the  series  and  should  probably  be  explained  as 
intercalatea  mud  flows.      Short  distance  north   of   Colfax  a 
massive  of  diabase,  gabbro  and  diorite  cuts  off  the  Mariposa 
beds,  which  here  predominatingly  consist  of  pyroclastic  rocks. 
A  breccia  of  diabase  mixed  with  fragments  of  limestone,  etc., 
extends  from  the  massive  and  cuts  across  the  beds  at  Colfax. 
It  is  most  probable  that  the  basic  intrusive  area  to  the  north  of 
Colfax  represents  the  core  of  a  volcano  the  eruptions  of  which 
were  contemporaneous  with  the  deposition  oi  the  Mariposa 
beds  and  the  ejecta  of  which  intermingled  with  the  sediments. 
The  older  rocks  adjoining  the    Mariposa  beds  on  the  east 
extend  northward  but  to  the  west  of  these  where  the  continua- 
tion of  the  Mariposa  beds  should  be  sought  no  certain  trace  of 
them  can  be  found.     Diorites,  diabases  and  other  principally 
basic  rocks  occupy,  on  Smartsville  sheet,  nearly  the  whole  area 
to  the  west  down  to  the  valley.     Both  the  Mariposa  and  most 
of  the  western  area  of  the  Calaveras  formation  appear  to  be 
engulfed  in  the  igneous  rocks  if  indeed  the  former  ever  con- 
tinued to  the  north  of  Colfax.     The  evidence  appears  to  favor 
the  theory  that  the  Mariposa  beds  were  deposited  in  a  gulf  or 
bay,  enclosed  on  both  sides  by  older  rocks  and  ending  in  the 
vicinity  of  Colfax.     In  the  igneous  areas  to  the  N.N.W.  of 
Colfax  and  extending  up  towards  Grass  Valley  and  Nevada 
City  some  narrow  bands  and  smaller  areas  of  sedimentary  rocks 
occur.     The  limestone  and  phthanite  in  most  of  them  indicate 
that  they  belong  to  the  Calaveras  formation ;  there  is  however 
one  narrow  band    of    black  tufaceous  slates  and   sandstones, 
between  Grass  Valley  and  Nevada  City  which  may  possibly 
belong  to  the  Mariposa  beds. 


mtit  Pftn- 


378  W.  Zind'jrcn — Aurt/eroua  ConglomeraU  of 

Although  the  Martposn  slates  nsualljr  show  an  apparent  con- 
formity with  the  older  rocks,  there  is,  between  Coliax  aod  the 
Middle  Fork  of  the  American  river,  some  structural  evidence 
strongly  tending  to  ahow  an  unconforraity.  Between  theae 
two  localities  the  Mariposa  beds  have  abont  the  same  strike  u 
the  enclofiing  slates  of  the  Calaveras  formation,  but  while  the 
latter  nearly  uniformly  have  a  steep  dip  of  from  75°  to  yO°  to 
the  east,  the  former  show  throughout  a  considerably  smallar 
dip  of  from  50°  to  t!0°  in  the  same  direction.  Mr,  H.  W. 
Turner  recognizee  from  evidence  gathered  in  the  southern 
connties,  the  probable  unconformity  of  the  two  formations 
and  brings  the  following  points  to  support  it  :*  First,  the 
lithologic  difference  between  the  formations ;  seooud,  the 
occurrenee  of  a  conglomerate  with  phthanite  pebbles  in  the 
Mui-iposa  beds  near  Texas  ranch,  Calaveras  Co.;  third,  the 
occurrence  of  a  narrow  streak  of  the  Mariposa  beds  cutting 
obliqnely  across  the  Calaveras  formation ;  fourth,  the  large 
paleOTitoiogio  break  between  the  formations. 

Coming  up  the  ridge  between  the  two  forks  of  the  Ameri- 
can river,  which  here  are  not  more  than  thrt^e  miles  apart,  the 
Calavorafi  formation  cuds  a  quarter  of  a  mile  to  the  east  of 
Sheridan's  Ranch.  Between  this  formation  and  the  Manpou 
beds  is  here  JnEeroalated  an  elongated  body  of    diiil)a8e   por- 

Sbyrite  and  volcanic  breccias  extoadiug  neajlj  acrow  the 
ivido.  The  diabase  porphyrite  forms  the  westerly  snmmit  of 
Mile  Hill  :  in  the  lirccoiii  afrcotnpaiivini;  it  some  well  wiisheil 
pebbles  of  phthimitc  arc  f.-iiin!.  A  rli,,ii-,unl  fc-t  \v,'>E  of 
Mile  Hill  toll  house  the  Jurassic  sedimentary  rocks  begin  and 
continue  for  three-quarters  of  a  mile  eastward  when  basic 
igneous  rocks  again  are  met  with.  The  exposures  are  at  first 
poor  along  the  road  which  runs  in  a  dat,  broad  gulch  with 
much  loose  soil  containing  well  washed  pebbiea  derived  from 
the  conglomerate.  On  the  hill  south  of  the  United  States 
ranch  (E.  220u')  the  conglomerate  shows  in  abundant  outcrops 
both  on  the  top  and  in  the  ravines.  North  of  the  road,  on  top 
of  Mile  Hill  there  are  more  outcrops  though  deep  laterite 
mostly  covers  the  ridge.  At  the  United  States  ranch  there  is 
a  good  outcrop,  part  of  it  consisting  of  a  hard,  dark  tufaceous 
sandstone  and  part  of  a  dark,  soft  shale  containing  small  but 
well  washed  ]>eliblcs  of  phthanite.  From  the  hill  mentioned 
south  of  the  ranch  there  is  a  steep  descent  to  the  Middle  Fork. 
the  sedimentary  area  narrows  greatly  between  two  igneous 
masses  and  only  black  slates  and  sandstones  are  exposed  in  the 
bottom  of  the  canyon.  On  the  north  side  of  Mile  Hill  there 
is  also  a  steep  descent  of  1500  feet  to  the  North  Fork ;  the 
conglomerate  from  the  top  of  Mile  Hill  can  be  traced  down 
*  Loe.  cit.,  p.  245. 
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e  distance  over  the  slope  although  the  identificatioD  is 
le  difficult  by  sliding  rocK  masses  and  dense  brush.  In  the 
;om  of  the  canyon  of  the  North  Fork,  however,  the  sedi- 
itary  series  is  excellently  exposed  and  here  the  conglomerate 
^  again  be  found,  in  particularly  fresh  condition.     Alonff 

river  the  series  mostly  consists  of  dark  sandstones  ana 
38 ;  the  conglomerate  is  less  developed  than  on  the  ridge 

the  pebbles  are  somewhat  smaller,  but  otherwise  it  is 
itical  with  that  from  the  former  localities.  Further  east  up 
river  the  before-mentioned  breccias  begin  to  appear  in  the 
es.  The  conglomerate  from  the  river  is  a  very  hard,  dark- 
>red  rock  composed  of  small  but  very  smooth  and  round 
bles  (max.  diam.  1"")  of  gray,  white  or  black  phthanite, 
^  limestone,  black  slate  and  white  quartz,  the  latter  being 
t  abundant.  The  cement  is  black  in  color  and  very  fine  in 
;ure,  apparently  a  consolidated  mud.  The  conglomerate 
n  the  summit  of  the  ridge,  somewhat  softer  from  weather- 
,  contains  pebbles  sometimes  reaching  4^™  in  diam. ;  the 
rtz  pebbles  occur  in  variable  quantities,  occasionally  very 
ndant.  Phthanite  and  limestone  always  make  the  bulk  of 
pebbles. 

*ms  conglomerate  has  not  escaped  the  sharp  eyes  of  the 
spectors  of  early  clays  and  at  three  places  at  least  shafts 
e  been  sunk  in  it.  Considering  the  rock  identical  with  the 
tiary,  sometimes  cemented,  gravels  found  so  abundantly 
tier  up  on  the  ridge  their  object  in  sinking  these  shafts  was 
ttain  the  ''bedrock"  in  the  hope  of  there  finding  a  paying 
osit.  Their  efforts  were  in  vain  and  abandoned  long  ago. 
3  shaft  south  of  the  United  States  ranch  was  sunk  60'  deep 
ut  40  years  ago,  also  one  of  the  shafts  to  the  north  of  the 
\,  The  attempt  was  renewed  about  20  years  ago  and  the 
il  depth  attained  in  the  north  shaft  about  80  feet.  None 
)  had  been  connected  with  the  work  could  be  found  and 
rticting  reports  were  obtained  as  to  whether  any  gold  had 
n  found  in  the  conglomerate.  It  is  said  that  the  gulches 
the  vicinity  had  in  early  days  yielded  considerable  gold  in 
1  worn  grains  and  particles ;  the  character  of  the  gold 
lid  indicate  that  it  had  come  from  the  conglomerate. 
<rumerons  tests  were  made  on  specimens  from  three  locali- 
:  first,  rock  extracted  from  the  shaft  south  of  the  road  ; 
)nd,  specimens  from  an  outcrop  about  300  feet  west  of  that 
ft,  and  third,  rock  extracted  from  the  deep  shaft  north  of 

road  on  the  ground  belonging  to  the  United  States  ranch, 
none  of  these  specimens  could  any  seams  or  veinlets  of 
irtz  \yQ  seen,  nor  any  indications  noted  that  they  had  been 
jected  to  the  influence  of  auriferous  solutions.  A  few 
mds  of   each  sample  were  repeatedly  crushed  in    a   clean 


mortar  and  waehed  in  a  miner'a  pan  ;  in  all  instances  gold  was 
obtained ;  the  particles — colors — were  very  fine  and  flaky  bat 
concentrated  easily  ;  sometimes  only  one  or  two.  sometimee  a 
great  number  of  colors  were  obtained.  Beside  the  gold  there 
W1I8  invariably  Bome  iron  pyrites  nearly  always  found  in  con- 
glomerates and  ns  wdl  known  reeultln^  from  the  reducing  action 
of  organic  BUbstance  on  circulating  iron  Balte.  Tim  absence  of 
magnetic  and  titanic  iron  ore* — black  sand — was  very  noticeable. 
In  Older  to  obtain  a  better  idea  of  the  amonnt  contained  Mr. 
G.  V.  Deetkeu  kindly  made  duiiliPUte  assays  for  me  of  speci- 
mens from  the  two  shafts  with  tlie  result  that  the  conglomerate 
from  the  south  shaft  was  found  to  contain  in  average  36?  pr. 
ton  in  gold  while  a  distinct  trace  was  obtained  from  that  from 
the  north  shaft. 

From  the  general  character  of  the  occurrence  I  believe 
it  represents  shore  gravels  accuninUted  near  the  month 
of  some  river  drainin^r  the  Carbon  if urous  area  nnd  empty- 
ing into  the  muddy  gulf  in  which  the  Mariposa  slates  wen 
deposited.  It  is  not  likely  that  the  deposit  will  ever  he 
of  economic  importance  though  there  is  a  possibility  that  by 
thorough  prospecting  and  cross  cutting  the  strata  a  richer  bed 
might  be  exposed. 

Conclusions : 

(1)  The  Mariposa  beds  were  depoeitod  unconformably  upon 
llic  rocks  of  the  Cwlaveras  foniiiiticiii,  then  ii  hind  area  nf  con- 
siderable extent.     From  the  abundant  presence  of  phthanite 
pebbles  in  the  conglomerate  it  is  certain  that  this  older  seriee 
was  already  at  that  time  considerably  altered  thongh  the  large 
quantity  of  limestone  also  contained  makes  it  probable  that  the 
metaniorphic  action   has  progressed  much  further  in  it  since 
that  time.     From  the  absence  of  igneous  rocks   in  the  con- 
glomerate, accentuated  by  the  absence  of  "  black  sand  "  in  it,  i  ^ 
may  be  concluded  that  the  numerous  basic  igneous  rocks  now  cot:*- 
tained  in  the  Calaveras  formation  in  this  vicinity  have  prin<=-'^ 
piilly  been  intruded  after  the  deposition  of  the  Mariposa  beA  « 

{•2)  The  old  land  area  at  that  time  already  contain^^t 
auriferous  quiirtz  veins,  the  detritus  of  which  enter  into  ttiii 
composition  of  the  Mariposa  conglomerate. 

(3)  There   urc   in    the   Sierra   Nevada   primary    aurifcri*  v< 
deposits  of  very  different  age.     The  oldest  antedate  the  Ma  n- 
posa  beds ;  the  t^reatcst  number  wore  formed  at  the  close    of 
the  eruptive  activity  following  soon  after  the  deposition  a ni/ 
upheaval  of  the  Mariposa  beds  ;  the  most  recent,  found  along 
the  summit  and  along  the  eastern  slope  of   the    range  icere 
formed  towards  the  close  of  the  eruptive  activity  in  late  Ter- 
tiary time. 
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Art.    XXXVIII. — Antholite  from  Elsivir^  Ontario;    by 

A.  P.  Coleman,  Ph.D. 

An  asbestiform  mineral  occnrring  in  large  masses  on  lots  7 
and  8,  concession  11,  in  the  township  of  Elzivir,  Ontario,  was 
sent  to  me  for  determination  some  time  ago  by  Mr.  Blue, 
Director  of  the  Ontario  Bureau  of  Mines.  The  specimen 
consists  chiefly  of  irregular  bundles  of  a  strong,  fibrous  min- 
eral resembling  chrysotile  mixed  with  a  dull  green  one  like 
serpentine,  the  two  passing  into  one  another.  The  serpentin- 
ous  mineral  has  evidently  been  formed  from  enstatite,  since  it 
encloses  at  one  or  two  places  remnants  of  that  mineral  on 
which  it  has  encroached.  Small  amounts  of  pale  green  fibrous 
talc  are  mixed  with  the  tough  fibrous  mineral,  and  the  talc 
sometimes  occurs  in  small  masses  by  itself.  In  addition  one 
finds  portions  of  carbonates,  partly  effervescing  with  cold 
dilute  acid,  and  hence  calcite  ;  partly  dolomite  or  perhaps  a 
related  carbonate. 

In  thin  sections  under  the  microscope,  the  enstatite,  which 
is  pale  greenish  brown  with  glassy  luster,  shows  the  usual 
characters,  prismatic  and  brachy-pinacoidal  cleavage,  parallel 
extinction,  and  a  biaxial  interference  figure,  optically  positive, 
on  sections  at  right  angles  to  the  c  axis.  It  is  not  pleochroic. 
At  the  edges  the  serpentinous  mineral  appears  to  nave  eaten 
its  way  inward  along  the  cleavage  planes  and  along  a  less  regu- 
lar set  of  fractures  at  right  angles  to  the  upright  axis. 

This  secondary  mineral  is  colorless  under  the  microscope 
and  shows  the  faintly  polarizing  confused  mass  of  scales  or 
Vague  fibers  seen  in  true  serpentine.  The  fibrous  portions 
have  all  the  appearance  of  chrysotile,  parallel  extinction  or 
nearly  so,  etc.  The  talc  and  carbonates  have  the  usual 
characters. 

Analyses  were  made  of  the  two  fibrous  minerals,  1  and  2 
l>eing  of  the  strong  fibers  and  3  of  the  talc,  and  the  results  are 
as  follows ; 

No.  1.  No.  2.  No.  3. 

Loss  in  drying  at  110° 1M6  1*44  0-38 

Furtlier  loss  on  ignition 4*25  9*83  7*42 

SiO' 65-89  53-98  5687 

APO' 0-71  (notdet.)  ()-0l> 

FeO 6-09  5-61  1*70 

CaO 2-22  214  267 

MgO 29-33  29-52  3005 

Total 99-65  99-27  99-18 


In  repird  to  the  talc  (No.  S't  it  eliould  W  montionod  tliat 
most  of  tlio  luuMriiil  utfurvuKcus  ^liftlitly  witli  acid,  tdiowing 
llio  presence  of  a  little  cnlcitu.  If  llie  CaO  obtained  in  the 
anal^flif)  (:i'l!7  jter  cent)  be  rttcknned  iu>  carbonate,  and  a  corre- 
epondtu)!  dodnotion  made  from  the  amotint  of  Io«s  at  a  red 
lifat  for  CO'(S'0d  pur  uvut),  tlit>  result  hIiows  pouibiiii'd  wator, 
4-.'i3  i»ereeiit,  silica  SS'SS,  and  ma^nefla  Sl-iS.  Thia  corre- 
8iH>u<i8  fairly  with  the  iianal  ooniposition.  The  ainonnt  of 
pure  snliBtance  available  for  analysis  was  70»  milltcrams, 

Th<^  re»iilt<t  of  the  firat  analrsU  of  tho  luincraT  rcwniblinj; 
chrysittili'  were  ttnrpriitinK.  and  the  mecond  nnalysiti  was  tuade 
to  control  the  firet.  It  was  verr  difficntt  to  obtain  the  tibrons 
parfaf  quite  free  from  tale,  and  thefiivtanalveU  was  made  from 
404-1)  miliifcmms  oiilr.  the  matoriul  having;  been  earofully 
selected  wiui  a  lenit.  For  the  second  analyfti?  a  atill  smaller 
(luantitv,  3SV8  uiilli^rrams.  was  obtained  by  oarefiil  searehiDg 
with  a  lens.  A  third,  siill  eraallcr  quantity  was  used  to  deter- 
mine the  loi<«  at  read  beat,  lu  which  the  two  previoui^  sample* 
differed  considerably. 

For  eoinpari»ou  the  lotw  on  ignition  wao  determined  in 
aevonil  other  minerals,  a^  in  the  following  list.  In  all  ca^es 
the  amount  taken  wuh  liuHlud  in  n  platinum  erncible  over  a 
blast  lamp. 

Fibrous  miniTal,  No.  1,  loss  at  red  beat  plus  tVrfimt. 

hydroscopic  moisture 5-41  1  »i.,_ 

xJ '::;:::;;;::;:;;::;;,:  IS.) «»» 

SiTpentinoiis  mineral  associaiod  with  tiie  fibmns 

one (J-82 

Clirysotile.Tlietfora,  Quebec 15-27 

Ai-tinolile,  riareudon  Tp.,  Oiit> Sflii 

Aciitioliie,  North  siiore  L.  Superior,  Out i'SS 

Talc,  Orinisihorjie  Tp ,  Out 4-58 

Tiic  tibrons  niinerul  analyzed  in  Ni>s.  1  and  ^  effervesces 
ecrtrcely  jtt  iill  with  acid,  so  that  no  a])precinl)lo  quantity  of  the 
loss  on  iirnilion  ciin  bo  iittribnted  to  the  driving;  otf  of  car- 
bonic acid  ;  but  the  libers,  which  are  jrrcenish  white  in  (he 
apcciiuen,  turn  brown  and  brittle,  very  much  as  ehrysoiile 
does,  showiuj;  that  ci.nibined  water  is  driven  off. 

The  resnll:^  of  the  analyses  correspond  qnite  closely  with  the 
composition  of  onstiitite,  sopposinj;  its  constituents  to  be  n-ar- 
ranjjed  and  hyilnUed,  They  eonic  less  close  to  the  orthorhom- 
l)ic  iiinpbiboles.  siieh  as  inithophyllite.  showinj^  too  little  siJiea 
and  in)n.  and  too  ninch  mairnesiii  and  water ;  and  tliov  dillcr 
widely  from  ehrysotile,  haviriji  far  too  much  silica  and  far  too 
little  oouihinod    water  and  niii!jnesi;i.     In  physicjil  characters 
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>wever  the  resemblance  between  this  fibrons  mineral  and 
irysotile  is  very  close.  They  are  nndistingaishable  under  the 
icroscope,  having  the  same  silky  fibers  and  parallel  or  almost 
irallel  extinction.  The  greatest  angle  of  extinction  measured 
J  the  writer  in  specimens  of  chrysotile  from  Thetford, 
nebec,  was  1  J®,  in  the  fibrous  mineral  under  examination,  1**. 
It  seems  to  correspond  most  nearly  in  chemical  composition 
•  some  of  the  fibrous  forms  of  monoclinic  amphibole,  e.  g. 
itholite  or  kuppferite.  The  analyses  given  of  the  latter 
ineral  differ  but  little  from  those  made  by  the  writer ;  but 
le  last  edition  of  Dana's  System  of  Mineralogy  drops  the 
ime  entirely  and  gives  antholite  only  a  very  brief  reference.* 
robably  if  it  is  to  be  referred  to  any  species  beyond  the  broad 
le  of  "fibrous  amphibole  containing  little  or  no  alumina," 
le  name  antholite  is  the  most  appropriate.  The  amount  of 
)mbined  water,  which  varies  however  in  different  samples, 
jcms  the  only  objection  to  such  a  reference. 
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IRT.  XXXIX. — On  the  Double  Chlorides  and  Bromides  of 
Va^srium^  Rubidium^  Potassium  and  Ammonium,  with 
Ferric  Iron^  with  a  description  of  two  Ferroferric  double 
Bromides;  by  P.  T.  Walden. 

Previous  investigation  on  the  double  ferric  halides  seems 
0  have  been  devoted  exclusively  to  the  chlorides,  and  the 
netal  caesium  has  not  as  yet  been  worked  within  this  connec- 
ion. 

In  view  of  these  facts  it  appeared  desirable  to  prepare,  as 
ar  as  possible,  a  complete  series  of  the  double  halogen  salts 
>f  the  above  named  metals.  Only  negative  results  were 
obtained,  however,  when  attempts  were  made  to  prepare  double 
odides,  so  that  the  work  was  necessarily  confined  to  the  chlo- 
ides  and  bromides. 

The  following  compounds  have  been  previously  described  : 

Rb.FeCl..  K,FeCl.H,0. 

(NHJ,FeClJI,0. 
Na,FeCl.H,0. 

The  existence  of  the  above  potassium  and  ammonium  salts 
las  been  confirmed  in  the  present  investigation  but  the  com- 

*Dana,  System  of  Mineralogy,  6th  ed.,  p.  391.  In  the  5th  ed.  Kuppferite  is 
escribed  ou  p.  230,  and  antholite  on  p.  2^6.  Analyses  31-33,  p.  237,  are  of 
Qtholite. 


pound  lib.FeCl,  deecribed  by  Godeffpoy*  could  not  be  made 
alttioiigli  a  liydrons  Bait  of  the  same  type  was  prepared  wilh 
ciieeiuin,  A  moat  careftil  series  of  experiments  neing  targe 
qituiiMties  of  tbo  constituent  dilorides,  was  made  m  tne 
attempt  to  preparo  tlio  rubidium  salt  jiiet  mentioned.  It  is 
not  believed  to  be  possible  tliut  Godeffroy  obtained  this  com- 
pound 'and  liis  error  was  probably  due  to  his  neglecting  the 
water  of  crystallizatiou  in  the  salt  Rb.FeCI.H.O.  There  is 
not  a  great  ditfurt^nt^u  between  the  theoretical  composition 
required  by  a  3  :  I  anhydrous  compound  and  the  3  : 1  salt  witli 
one  moicciilo  of  water,  especially  as  far  as  the  chlorine  and 
iron  are  concerned.  This  can  be  seen  from  the  following  com- 
parison. 

CtU'uIntod  for  CalcuUlad  for 

Rb.PeCn..  KbgreOI,K,0. 

liubldium    48-83  4044 

Iron 10-85  13-29 

Chlorine 40-62  4i!-oi 

Water _. ..  4-yo 

lOO-OI)  100-00 

Since  the  hydrous  '2 : 1  suit  is  easily  prepared,  ic  therefore 
seems  certain  that  this  must  hare  been  the  single  salt  d^crib«d 
liy  Godeffroy. 

The  f.illowing  is  a  list  of  the  saltB  obtained. 

3 :  1  Tjpo,  2  : 1  Type.  1  :  I  Type. 

Cs.FeCI,.  H,0  Cs.FeCI..  H,0  CsFeCI..  iH.O 

Cp.FeBr. .  H,0  CsFeBr. 

RhFeCI.HO  

Rb,FeBr,.H,0  

K,FeCI,.II,Ot  


(NH,),FeCl..n,Ot 


NH,FeBr. .  2H,0 

It  will  be  noticed  that  the  type  2:  L  is  the  most  frequently 
recurring,  being  found  in  every  case  except  with  potassinm 
and  amniunium  bromides.  The  salts  of  this  type,  as  mightbe 
expected,  are  also  the  most  stitble  and  easily  made,  especially 
with  Ciesinm  chloride  where  it  h  formed  through  a  very  wiJu 
range  of  conditions  leaving  only  a  narrow  margin  for  the  other 
two  members  of  the  series.  It  is  remarkable  in  view  of  thew 
facts  that  this  type  should  not  have  been  obtained  willi 
aninioninm  bromide  while  the  1  :  1  type,  which  is  compara- 
tively unstable  in  other  eases,  is  made  without  diffieultv. 
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This  investigation  furnishes  another  striking  example  of  the 
act,  already  noticed  several  times  in  this  laboriatory,  that  esesiam 
alides  form  more  complete  series  of  doable  salts  than  the 
alides  of  the  other  alkali-metals.  With  csesium  chloride  we 
et  a  complete  series,  while  with  the  chlorides  of  the  other 
Ikali-metals  only  one  type  appears.  In  the  bromides  no  double 
2rric  potassium  salt  could  be  isolated,  whereas  two  well- 
efined  and  comparatively  stable  compounds  were  obtained 
rith  caesium. 

Wells  and  Campbell*  have  called  attention  to  the  fact,  that, 
1  a  number  of  cases,  double  halides  show  an  increase  in  ease 
f  formation  from  the  iodides  to  the  chlorides.  No  better 
lustration  could  be  had  of  this  truth  than  the  series  of  salts 
repared  in  the  present  investigation,  where  the  chlorides  were 
lade  in  greater  number  and  with  more  ease  than  the  bromides 
rhile  no  iodides  at  all  could  be  obtained. 

Preparation, — All  these  salts  were  made  by  mixing  solu- 
ions  of  the  simple  halides,  evaporating  and  cooling  to  crystal- 
Ization.  It  was  found  necessary  in  all  cases  to  use  solutions 
lightly  acidified  with  the  corresponding  halogen  acid,  in  order 
0  prevent  the  formation  of  basic  salts.  A  record,  as  nearly 
xact  as  possible,  was  kept  of  the  relative  quantities  of  the 
onstituents  used  and  this  has  been  indicated  under  each  salt. 
The  crystals  were  freed  from  the  mother  liquor  by  pressing 
)etween  smooth  filter  papers,  and  in  every  case  where  it  was 
dmissible  they  were  further  dried  by  exposure  to  the  air  of 
he  laboratory.  Where  the  salt  was  at  all  deliquescent  it  was 
it  once  removed  to  a  tightly  stoppered  tube  whoso  weight  had 
)een  previously  determined  and  weighed  without  loss  of  time, 
n  this  manner  a  quite  unstable  body  could  be  analyzed  and 
atisfactory  results  obtained.  The  purity  of  all  the  simple 
ilkali-halides  was  tested  with  the  spectroscope  before  using. 
The  very  pure  rubidium  chloride  used  for  this  work  was  f urn- 
shed  to  this  laboratory  for  the  encouragement  of  scientific 
nvestigation  by  Herr  E.  Merck  of  Darmstadt,  through  his 
igents,  Messrs.  Merck  &  Co.  of  New  York,  and  our  thanxs  are 
lue  to  him  for  his  unsolicited  generosity. 

Method  of  analysis, — Iron  was  v^eighed  as  Fe^O,  in  all 
lases,  after  having  been  separated  from  the  alkali-metal  by 
)recipitation  with  ammonia.  The  filtrate  from  this  precipita- 
ion  was  evaporated  to  dryness,  the  alkali-metal  converted  into 
ulphate  and  weighed  as  such  after  ignition  in  a  stream  of  air 
iontaining. ammonia.  Ammonium  was  estimated  by  distilling 
nth  a  solution  of  potassium  hydroxide,  absorbing  the  NH, 
iberated   in   hydrochloric  acid  and  determining  its  amount  by 

*  This  Journal,  III,  xlvi,  432. 
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alkalimetry.  Water  was  determined  by  couiljustion  beliind 
eodinm  carbonate  and  absorption  in  a  washed  calcium  chloride 
tube.  With  (NH.),FeOI,n,0  tlie  water  was  removed  by  sub- 
jecting the  salt  to  a  temperature  of  150°  C  in  an  air  bath  for 
oue  hour. 

77ie  Double  Chloridfs.  —  These  salts  are  all  red  except 
CbFl'CI.JH.O  which  is  straw  yellow.  There  is  a  distinct  grada- 
tion in  the  shades  of  the  salts  of  the  type  2 : 1  from  (NH,),Fe 
CI,H,0  wliich  is  a  deep  niby  I'ed,  growing  lighter  through 
the  ciesinm,  rubidium  and  putassinm  compounds  nntil  the  last 
is  very  nearly  the  color  of  potsssinm  dichromate. 

3:'l  Vmium.  Ferric  ChU>riile,  Vti,FeVl,H,0.— This  salt  is 
the  only  one  of  the  3  : 1  type  winch  was  prepared  in  tio 
present  tnveetigation.  It  separated  from  a  solution  containing 
fiO*'  of  e^nsiutii  chioridc  una  from  -h"  up  to  H'S*"  of  ferrit 
chloride.      The  followint;  nnalysea  were  made  from  separate 

Cnlculuted  for 
A.  li.  v..  Ca,P^a.ll.O, 

Cieeimn fi8*30  b^-ii  58-17 

Iron 701  765  ei7 

Chlorino 30-87  30-82  30-98                  3101 

Waier S-74  2-73  2B4                    305 

99'83       99-81  1(KI-(I0 

In  color  it  closely  resembles  sodium  dichromate.  It  ia  well 
erystallized  in  small  prisms  which  are  arranged  in  compact 
clusters  radiating  from  a  center. 

3 : 1  Caesium,  Rubidiuin,  Potasxium  and  AmTnoniiim  /«■■ 
rlc  Chlorides,  Cs^FeCl^H^O,  Eb,FeClJI,0,  K,FeCl,H,0  a,id 
UVir,),FeC/,ir,0.—lt  solutions  of  the  several  alkali-eiilo- 
rides,  containing  50*"  each  be  made,  it  is  necessary  to  add 
S"'  of  ferric  chloride  to  make  the  ca?sium  salt  of  this  type. 
10*'  to  make  the  rubidium  salt,  15*'  to  make  the  potassium 
salt  and  70*'  to  make  the  ammonium  salt.  The  csesiiira. 
rubidium  and  potassium  compounds  can  be  recrystalli^ed 
unclianged,  although  with  the  hist  two  there  is  a  tendency  to 
separate  simple  alkaline  chlorides  at  tlie  same  time.  Several 
separate  crops  were  analyzed  of  each  salt  with  the  results  slioi^n 
below. 

CalculaKd  f« 
A.  B.  C.  Cs,FeCl,H,0. 

C'icsiiirii 51-lii       .^1-05  51-40 

Iron 11-05        1098  '     10-82 

t'liloririu    :U-:iC       3+-19       34-02  34-30 

Water 3-.^)5         3-r.9  3-18 


p.  T.  Walden — Double  Chlorides  and  Bromides^  etc.    287 


A. 

Rnbidiam 40*51 

Iron 13*28 

Chlorine 41*91 

Water 4*23 

99*93 

A. 

Potassiam 23*66 

Iron 16*86 

Chlorine 63*66 

Water 6*20 

100-28 

A. 

Ammonium 12*39 

Iron   19*13 

Chlorine 61*21 

Water 7*39 


B. 

40-69 

13*33 

41*92 

4*20 


Calculated  for 
RbsFeCl»H,0. 

40-44 

13*29 

42*01 

4*26 


100*14 

100-00 
Calcnlated  for 

B. 

KsF^»HsO. 

23*54 

23*73 

16*99 

16*98 

63*35 

53*84 

5-96 

5*45 

99-84 

100*00 

Calculated  for 

B. 

0. 

(NH4)aPeCl5H,0 

12*36 

12*00 

12-52 

18-95 

19-48 

61-07 

61*22 

61-74 
6-26 

100-12  100-00 

.11  these  salts  are  well  crystallized  in  short  prisms.  The 
esinin  and  rubidium  compounds  are  permanent  in  the  air  but 
le  potassium  and  ammonium  salts  absorb  moisture  quite 
ipidly. 

1:1  Ccesium  Ferric  Chloride^  CsFeCl^Ufi, — This  was 
lade  from  a  solution  containing  50^'  of  csesium  chloride  and 
80*'  of  ferric  chloride.  Below  are  the  analyses  of  separate 
rops. 

Calculated  for 
A.  B.  0.  CsFeCh^HaO. 

Cffisium   38-39  38-53  39*39 

Iron     17-03  16-85  16-48 

Chlorine 41-76  4173  4198                  41-77 

Water 3-14  3-63  403                    ..'-36 


100-32      100-74 


100-00 


This  salt  absorbs  moisture  in  the  air  so  rapidly  that  con- 
iderable  difficulty  was  experienced  in  preparing  samples  for 
nalysis.  It  is  regarded  as  containing  \  a  molecule  of  water  on 
be  evidence  of  the  analytical  results,  although  it  is  not 
Dreasonable  to  suppose  that  all  the  water  found  was  absorbed, 
specially  as  the  bromide,  CsFeBr^.  is  anhydrous.  The  crystals 
'ere  slender  needles  which  rapidly  lost  their  yellow  color  in 
le  air,  turning  red. 


p.  T.  Walilen—Dmdde  Chlorides  and  Brom 

The  Double  Bromides. — These  are  all  very  dark  green, 
aluiopt  bittck  jind  quite  opac|ue.  Like  the  cliioridee,  tlie  2:1 
Ciem'ain  salt    ie    darker  than  the  rubidum  eomponiid    of   the 


01 

I  same  type.     As  no   correaponditig   potag«iui 

I  ealt  could  be  made,  the  cumparison  can  be  carried  no  farther. 

The  caesiam  and  amuioniTim  1  : 1  bromides  are  of  nearly  tlie 
game  color.      Xono  of  the   double   bromideB   are   capable  uf 

I  recrystalliKation. 

I  ^:  1  Cmsiam  and  Rtibldium  Ferric  Bromides^  C^^FeBr^Hfi 

atid  Jif)^Fr-BrJ/,0.~Thf.  first  of  these  salts  was  made  with 
the  (jnautities  of  the  condtitaent  bromides  about  eqnal,  the 
eticond  with  50"  of  ruhidiam  bromide  to  60*'  of  ferric  bm- 
niide.     The  following  art-  thu  analyflcc 


k 


Cffisiura 35-76  35-60 

Iron 8-05  7  9-^ 

bromine  s*-iO  5415 

Water  .- 2-52  2-8* 

100-5R  -imi'.'i'j 


OulcmUUid  lor 
OB,PeBr,U,0. 
35 -BS 
7-58 

64-05 

100-0(1 


iura   26-20  26-U  -lUbi 

Iron   R-SB  8-08  8-«S 

Bromhie 0-2-13  82-12  02-0-2 

Water 3-»0  2-88  2-79 

100-09     100-13  100-00 

Both  coinrjonnds  were  obtained  in  short  doubly  terminated 
prienis.  The  eaisiiim  salt  is  comparatively  stable  while  the 
rubidium  salt  decomposes  rapidly  in  the  air. 

J :  J  Cisgium  and  Ammonium  Ferrie  Bromides,  C'sFeBr^ 
and  NH^FuBr^Ilfi. — A  solution  of  50*'  of  ciesium  bromide 
and  100*'  of  ferric  bromide  gave  the  first  of  these  salts  in 
slender  needles.  The  second  could  not  be  obtained  until 'A^U" 
of  ferric  broniide  had  been  added  to  SO*"  of  animoniuai 
bromide.  Separate  crops  of  each  vrere  analyzed  with  the 
results  given  below. 

CalCTil>t*d  lot 
A.  B.  CBFeBr,. 

t'lesiuui 2ii-U2  20-1.1 
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A.  B. 

Ammoniura 3-98  3-92 

Iron 13-48  13-59 

Bromine 74-85  7471 

Water 7-69*  7 '78* 


Calculated  for 

c. 

NH4FeBr42H90. 

3-83 

4-19 

13-02 

74-42 

8-37 

100-00   100-00  100-00 

s  the  ammonium  salt  is  so  deliquescent  that  no  satisfactory 
'termination  of  water  was  possible,  it  was  taken  by  difference 
id  it  is  believed  that  the  results  warrant  the  acceptance  of 
e  formula  as  written  above.  Great  care  was  exercised  in  an 
tempt  to  prepare  a  2  : 1  ammonium  bromide  but  without 
ccess.  NH^FeBr^2H,0  and  simple  ammonium  bromide  were 
lally  crystallized  out  together  in  the  same  solution.  This  is 
•garded  as  good  evidence  that  no  salt  of  a  type  higher  in 
nmonium  exists. 

Ferro-ferrtc  Salts :  EhBrFeBrfiFeBrfiH^O  and  KBrFe 
'r^Fehr^H/), — While  endeavoring  to  obtain  a  double  fer- 
c  bromide  with  potassium  a  dark  green  body  separated  from 
solution  containing  an  excess  of  bromine,  which  gave  a 
ack  hydroxide  with  ammonia.  This  was  considered  so 
imarkable  that  an  eflFort  was  made  to  prepare  corresponding 
Jts  with  the  other  alkali-halides  and  ammonium,  under  the 
ime  conditions.  This  attempt  resulted  in  the  formation  of 
ily  one  other  compound  of  the  same  kind,  that  with  rubid- 
im.  The  ferrous  iron  in  those  salts  was  determined  by  titra- 
on  in  the  presence  of  hydrochloric  acid  with  a  standard 
dtassium  dicromate  solution.  It  was  found  to  be  impossible 
>  determine  water  satisfactorily  on  account  of  the  extreme 
istability  of  both  salts.  It  was  therefore  taken  by  difference, 
he  rubidium  salt  resulted  from  the  bringing  together  in  solu- 
on  of  50^'  of  rubidium  bromide  and  150^'  of  ferric  bromide, 
le  potassium  salt  from  a  solution  of  50^""  of  potassium  bro- 
iide  and  250'^''  of  ferric  bromide.  Below  are  the  analytical 
esults,  A,  B,  and  C  being  separate  crops. 


Calculated  for 

A. 

B. 

C. 

RbBr 

.  FeBr2.2FeBr,3H30. 

Rubidium 

7-25 

8-32 

Ferrous  iron  -. 

5-17 

5-16 

5-53 

5-45 

Ferric  irou 

11-10 

10-71 

10-13 

10-90 

Bromine 

68-83 

68-37 

08-48 

7007 

Water 

7-65* 

5  20 

100-00  100  00 

*  Water  by  difterence. 
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CalintlBteil  tor 
KBr .  FeBr, .  aFoBr, .  3H,0. 

Potassium 3-4"         3-92  3-98 

FerrODS  irOD 431         4'26  6-71 

Ferric  iron IS'36       I1'70  11-43 

Bromine .,.    73'16       73-09  73-89 

Water    6'71''  5-50 

100-00  ]  00-00 

These  salts  are  dark  green  in  color  and  quite  opa<jne  like 
the  doable  ferric  bromides  deBcrihed  above.  The  crystallizs- 
tion  of  the  riibidintn  salt  is  apparently  rhombohedral,  that  of 
the  potaHsiiim  cnbicul. 

In  conclusion  the  author  wishes  to  exprces  \as  sincere  thankii 
to  Prof.  H.  L.  Wells,  nnder  whose  direction  the  work  has  befld 
carried  on,  for  his  kindly  aid  and  inanj  valuable  suggestions. 
ShotBold  Scientific  School,  New  HaveD.  Codd.,  Julj,  1804. 


Abt.  XL. — The  Standardisation  of  Potassium  permangansU 
in  Iron  Analyma  {  hy  Oharlotte  F.  Koberts, 

[CootributiODs  from  Ihe  Kent  Chemical  Laborslor;  ol  Yale  College— XIIT.]    , 

For  practical  work  in  iron  onalyBig,  Uie  standardization  of  \ 

the  potiissiuni  pi-nnaiiguiiiite  is  naturally  a  very  intportant 
problem.  The  best  autiiorities  agree  in  considering  that  it 
should  be  finally  standardized  on  ferric  chloride,  but  the  diffi- 
culty consists  in  determining  with  accuracy  the  amount  of  iran 
in  this  solution.  Though  the  purest  iron  which  can  be  obtained 
commercially  is  used  as  the  basis,  the  resulting  ferric  chloride 
still  contains  some  silica  and  phosphorus,  whicii  must  be  elimi- 
nated or  the  amount  determined  graviinetrically.  The  process 
of  determining  the  amount  of  iron  in  the  ferric  chloride  solu- 
tion, upon  which  the  potassium  permanganate  is  finally  stand- 
ardized, thus  becomes  long  and  tedious.  To  obviate  this,  the 
following  experiments  were  undertaken  in  the  hope  of  obtain- 
ing the  same  result  by  a  shorter  and  more  convenient  method- 
If  the  potassium  permanganate  could  first  be  compared  with 
a  solution  containing  a  known  weight  of  iron  which  is  finally 
brought  into  the  same  condition  as  the  ferric  chloride  solution, 
and  tiien  this  same  potassium  permanganate  directly  titrated 
with  the  ferric  chloride  itself,  the  necessary  accuracy  could  be 
obtained  without  the  gravimetric  work  on  the  ferric  chloride 
recommended. t      Since  electrolytic  iron   is  undoubtedly  tlie 
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purest  form  of  iron  known,  it  would  seem  that  potassium  per- 
manganate titrated  against  this  might  be  expected  to  give  trust- 
worthy results  for  the  lirst  comparison. 

For  the  production  of  a  definite  amount  of  electrolytic  iron 
two  different  courses  are  open  to  us.  Either  a  weighed  amount 
of  a  pure  iron  salt,  as  ammonio-ferrous  sulphate,  may  be  taken 
and  the  iron  completely  precipitated  by  electrolysis;  or  an 
indefinite  quantity  of  the  salt  may  be  taken  and  subjected  to 
electrolysis  for  a  time,  and  the  amount  of  iron  determined  by 
weighing  the  electrolytic  deposit.  After  some  preliminary 
trials,  tills  second  method  has  recommended  itself  to  me  as 
being  much  more  rapid  than  the  first-mentioned  method  and 
also  free  from  some  manipulatory  details  which  render  the  first 
difiScuIt  to  be  done  with  exceeding  accuracy. 

Some  experiments  were  therefore  undertaken  to  compare 
the  amount  of  iron  determined  by  direct  weighing  of  the  elec- 
trolytic deposit  with  the  amount  determined  by  titration  of  the 
solution  of  this  same  iron  with  potassium  permanganate.  The 
details  of  the  experiments  were  as  follows.  The  solution  of 
potassium  permanganate  was  first  accurately  standardized  with 
ammonium  oxalate  which  had  been  shown  to  give  identical 
results  with  those  obtained  by  the  use  of  lead  oxalate.  About 
10  grams  of  ammonio-ferrous  sulphate  were  dissolved  in  about 
150  cubic  centimeters  of  water,  5  cubic  centimeters  of  a  satu- 
rated solution  of  potassium  oxalate  were  added,  and  then  the 
whole  was  heatea  with  a  considerable  quantity  of  solid  am- 
monium oxalate  until  a  clear  solution  was  obtained.  This  solu- 
tion was  decomposed  in  a  beaker  between  two  platinum  elec- 
trodes, the  iron  being  deposited  on  a  piece  of  platinum  foil  of 
a  size  convenient  to  be  inserted  in  a  rather  large  weighing 
bottle,  in  which  it  was  weighed  both  before  and  after  the  elec- 
trolysis. From  IJ  to  1^^  hours,  with  a  current  of  2  amperes, 
was  in  general  found  to  be  sufficient  to  precipitate  from  -4  to 
•5  grams  of  pure  iron,  and  it  was  found  unadvisable  to  use 
a  current  much  stronger  than  2  ampCires,  since  a  higher  current 
showed  a  tendency  to  render  the  deposit  less  smooth  and  com- 
pact. After  washing,  drying  and  weighing  in  the  usual  way, 
the  iron  was  dissolved  in  hydrochloric  acid,  the  weighing  bot- 
tle being  used  instead  of  the  small  flask  ordinarily  employed 
in  this  operation,  the  oxidized  iron  was  reduced  with  zinc,  and 
finally  titrated  with  the  potassium  permanganate  solution  in 
presence  of  sulphuric  acid  and  a  large  amount  of  water. 

The  following  table  shows  the  results  obtained,  the  first 
column  giving  the  weight  of  the  electrolytic  deposit  of  iron, 
and  the  second  the  weight  of  iron  found  in  the  solution  of  the 
preceding  upon  titration  with  potassium  permanganate  previ- 
ously standardized  on  ammonium  oxalate. 
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^ 


I. 

■4367 

U. 
■4364 

DiBenmoe. 
■00O7  + 

-3SS1 

•3559 

■0(108  + 

■•2E52 

■26S0 

■0002- 

■2898 

"■690 

■0008  — 

■leso 

■]&e9 

•0008  + 

■3BC8 

■3534 

•0006  + 

■4498 

■4404 

■0004  — 

■5088 

-S086 

■0001  — 

-4462 

■4457 

■0005- 

■4226 

■42:i2 

■0004- 

■6170 

■5165 

■0005- 

TJicBc  results  eUow  that  tlie  Etandard  of  potaesiam  penD»n- 
ganate  as  determined  from  pure  iron  differs  very  siigbtlj  from 
tliat  obtaitiod  with  the  nmmoniam  oxalate,  but  the  Htandard 
ohtaioed  in  the  former  way  would  under  ordinary  cooditiuDj 
be  iiioro  eatiefactory  for  work  in  iron  nnalysie  than  the  latter. 
A  aimple  and  rapid  inothod,  then,  for  standardizing  the  potas- 
aium  permanganate  §olotioD  would  be  to  determine  its  strength, 
tlrst,  by  comparison  with  oluctrolytlc  iron  in  the  manner  alwve 
deeiGribed,  and  then  by  immediate  titration  wi'th  ferric  chloride 
to  determine  the  exact  amount  of  iron  in  each  cubic  centimeter 
of  the  latter  solution.  This  being  aeoertained,  the  ferric  cbV 
ride  solution  can  be  employed  at  any  time  fur  the  «taadardtn- 
tion  of  potussiuin  permnnganntc. 


Art.  XLI. — The  Detection  and  Approanmative  £stimaii(in 
of  Minute  Quantities  of  Arsemc  in  Copper;  by  F.  A. 
GoocH  and  H.  P.  Moseley. 

[CoDtributtoDS  from  the  Kent  Chemical  Laboratory  of  Yale  College. — XXXVI.] 


Sanger's  recent  successful  application  of  the  Berzebne- 
Marsh  procees  to  the  quantitative  determination  of  arsenic  in 
wall-papers  and  fabrics,*  by  the  comparison  of  test  mirrois 
witli  standard  mirrors  carefully  prepared  under  the  conditions 
of  the  test,  opens  the  way,  naturally,  to  the  similar  estiraatione 
of  minute  amounts  of  arsenic  in  any  substances  which  may  be 
submitted  to  the  process  immediately  or  after  suitable  prepara- 
tion. 

The  need  of  a  rapid  and  at  the  same  time  truetworthy  method 
for  the  determination  of  traces  of  arsenic  in  copper  has  led  ne 
to  a  study  of  the  application  of  Sanger's  process  to  this  special 
case. 

*  Am.  Cbem.  Jour.,  xiii,  431. 
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It  has  been  shown  by  Headden  and  Sadler*  that  the  presence 
)i  copper  in  the  Marsh  generator  is  instrumental  in  holding 
)ack  the  arsenic  aud  our  own  experience  is  similar.  It  is  obvi- 
>U8,  therefore,  that  means  must  be  employed  for  the  complete 
emoval  of  the  copper  from  the  arsenic  before  the  solution  of 
he  latter  is  put  into  the  reduction-flask.  So  far  as  our  experi- 
ince  goes  there  is  no  method  by  which  arsenic  may  be  removed 
rom  copper  easily,  and  without  loss,  aside  from  those  methods 
vhich  depend  upon  the  volatility  of  arsenious  chloride  from 
olution  in  strong  hydrochloric  acid,  and  of  such  methods 
ve  give  the  preference  on  the  score  of  rapidity  in  execution, 
iccessibility  of  pure  materials,  and  compactness  of  apparatus, 
o  a  process  recently  developed  in  this  laboratoryf  ana  based 
ipon  the  simultaneous  action  of  strong  hydrochloric  acid  and 
>otas8ium  bromide  upon  the  salt  of  arsenic. 

To  get  the  copper  into  condition  for  the  application  of  the 
)rocess  of  separation  from  arsenic  we  find  it  suflScient  to  dis- 
olve  an  amount  not  exceeding  one  gram  in  nitric  acid  some- 
what diluted  with  water,  to  add  to  the  solution  two  or  three 
;ubic  centimeters  of  strong  sulphuric  acid,  and  to  evaporate 
he  liquid  until  fumes  of  the  sulphuric  acid  are  disengaged 
ibundantly.  A  single  treatment  of  this  sort  serves  to  remove 
;he  nitric  acid  so  completely  that  no  interference  with  the 
aormal  action  of  the  Marsh  apparatus  is  apparent  in  the  subse- 
|Dnnt  operation.  The  residue  after  concentration  is  diluted 
ivith  water  to  about  5  cm'  and  washed  into  the  distillation  flask 
ivith  an  amount  of  the  strongest  hydrochloric  acid  (sp.  gr.  1*20) 
iqnal  to  that  of  the  remainder  of  the  liquid.  It  is  desirable 
hat  the  entire  volume  of  the  liquid  should  not  much  exceed 
10  cm\  The  flask  which  has  a  capacity  of  forty  or  fifty  cubic 
lentimeters,  is  inclined  at  an  angle  of  about  45°  and  joined  by 
neans  of  a  pure  rubber  stopper  to  a  bent  pipette  which  serves 
18  a  distillation  tube.  The  lower  end  of  the  vertical  limb  of 
he  pipette  dips  beneath  the  surface  of  about  5  cm'  of  hydro- 
shloric  acid  oi  half  strength  contained  in  a  test  tube  which  is 
tooled  and  supported  by  water  nearly  tilling  an  Erlenmeyer 
task.  A  single  gram  of  potassium  bromide  is  introduced,  and 
he  distillation  (which  may  be  completed  in  three  or  four 
ninntes)  is  pushed  nearly  to  dryness.  The  flask  is  washed  out, 
mother  portion  of  potassium  bromide  is  introduced,  and  the 
irst  distillate  is  introduced  and  redistilled  as  before  excepting 
hat  the  condensation  is  this  time  effected  in  pure  water.  This 
econd  operation  serves  merely  to  hold  back  traces  of  copper 
arried  over  in  the  first  distillation,  but  experiment  has  shown 
hat  the  addition  of  the  potassium  bromide  in  the  second  dis- 
illation  is  quite  as  necessary  as  in  the  first,  since  the  bromine 

*  Am.  Gbem.  Jour ,  yii,  842.        f  Goocli  and  Phelps.    This  Jour.,  xlviii,  p.  216. 


liheratwl  in  the  process  lia»  the  effect  of  reoxidizinu  the  araenio 
in  the  i-eceiver  and  so  inakine  that  element  noii-volatiL-  under 
th(!  conditions  until  the  reducing  agent  is.  agttin  introduced. 
Thi!  froe  bromine  in  the  final  diatillate  must  be  re-converteii 
to  hydrobromic  acid  before  the  eontcnteof  th«  receiver  inaTlw 
introduced  into  the  reduction-flaek,  and  we  find  that  this  efiect 
may  be  most  easily  and  uti objectionably  accomplished  by  tiie 
addition  of  a  little  stannous  chloride  dissolved  in  hydrochloric 
acid  of  half-strength  and  purified  from  arsenic  by  prolonged 
boiling.  Incidentally  and  Htinultancously  tUearsenic  ig  reduced 
to  the  arseniouB  form,  and,  though  Sanger  has  shown  that 
minute  amounts  of  arsenic  are  completely  eliminated  from  tLti 
solution  in  the  reduction  flask  when  that  clement  is  intr^)- 
duced  in  the  higher  form  of  oxidation,  it  is  our  experience  that 
the  rapidity  of  elimination  of  the  arsenic  is  so  increased  by  the 
introduction  of  the  small  amount  of  stannous  chloride  needed 
to  bleach  the  bromine  that  the  mirror  appears  in  from  five  to 
ten  minutes  and  is  praettcalty  complete  in  half  an  hour,  espo- 
cialiy  if  the  precaution  ie  taken  to  add  a  little  more  stannous  cliV 
ride,  according  to  Schmidt's  suggestion*  after  the  operation 
has  been  in  progress  about  twenty  minutes. 

It  will  be  remembeied  that  Schmidt  has  shown  that  tlie 
addition  of  stannous  chloride  to  the  Marsh  apparatna  in  action 
not  only  does  not  effect  the  retention  of  arsenic,  as  many  other 
metallic  salts  do.  bnt  actually  brings  aViont  the  final  evolution 
in  the  form  of  the  hydride  of  that  portion  of  the  arsenic  which 
may  have  been  deposited  during  the  process  in  elementary  form 
upon  the  zinc. 

We  have  used  the  Sanger  apparatus  in  form  cseentiallj  un- 
changed ;  but  we  find  it  advantageous  to  fill  the  reserve  genera- 
tor with  zinc  coated  with  copper  by-the  action  of  a  solution  of 
copper  sulphate,  instead  of  with  pure  zinc,  since  in  this  waj 
the  zinc  is  made  more  sensitive  to  the  action  of  the  dilute  sul- 
phuric acid,  while  the  presence  of  copper  (which  is  of  course 
out  of  the  question  in  the  reduction-fliisk)  can  be  of  no  disad- 
vantage in  the  reserve  generator  and  might  even  serveaueefnl 
entl  in  fixing  traces  of  arsenic  if  the  zinc  and  acid  employed 
were  not  absolutely  free  from  that  element.  In  the  formation 
of  the  mirror  too,  it  has  pi-oved  to  be  an  advantage  to  enclose 
the  portion  of  the  glass  tube  to  be  heated  in  a  short  thin  tube 
of  iron  or  nickel  slightly  larger  thar.  the  glass  tube  and  kept 
from  contact  with  it  except  at  the  ends,  which  are  notched 
and  bent  inward.  By  keeping  the  outer  tube  of  metal  at  a 
low  red  heat  it  is  possible  to  diminish  the  tendency,  which 
shows  more  particularly  when  the  amounts  of  arsenic  are 
fairly  large,  toward  the  formation  of  a  double  mirror  covrcs- 
*Zeit.  fur  Auorgna.  Chem.,  i,  3fi3. 
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iing  to  the  allotropic  conditions  of  the  arsenic.  The 
•ency  compels,  moreover,  the  substitution  of  hydrochloric 

for  the  sulphuric  acid  usually  employed  in  the  reduc- 
flask ;  but,  though  the  opinion  is  current  that  hydrochlo- 
icid  introduces  difficulties  in  the  Marsh  test,  we  have  been 
ble  to  discover  any  evidence  of  the  formation  of  a  zinc  mir- 
in  the  ignition  tube  or  to  note  other  unfavorable  action  due 
be  use  of  pure  hydrochloric  acid.     It  is,  of  course,  obvious 

the  hydrochloric  acid  used  must  be  actually  free  from 
nic  (as  was  ours)  and  not  merely  nominally  so,  as  is  often 
case  with  the  so-called  arsenic-free  hydrochloric  acid  of 
merce. 

he  copper  for  our  test  experiments  was  prepared  free  from 
nic  by  electrolizing  in  ammoniacal  solution  the  purest  copper 
hate  obtainable  and  stopping  the  deposiiion  before  the 
tion  had  become  exhausted.  In  this  manner  we  were  able 
rocure  copper  in  which  we  failed  to  detect  arsenic.  This 
per  was  dissolved  in  nitric  acid,  arsenic  in  the  higher  condi- 

of  oxidation  was  added,  and  the  process  of  the  separation 
;he  arsenic  from  the  copper  and  conversion  to  the  mirror 
led  out  in  the  manner  described.  The  results  obtained  are 
►rded  in  the  accompanying  table. 


er  takeD, 
^rams. 

Arsenic  taken, 
in  milligrams. 

Mirror  estimated  (by 
comparison  with 
standard  mirror) 
in  milligrams. 

Error,  in 
milligrams 

none 

none 

none 

none 

0-7 

none 

none 

none 

0-5 

0-005 

0003 

0-002— 

0-5 

0-01 1 

0-013 

0002  -f 

0-35 

0-020 

0015 

0-005  — 

0-3 

0-t)30 

0  030 

none 

0-43 

0-040 

0  035 

0-005  — 

0-44 

0050 

0-040 

0-010  — 

i  is  plain  from  these  results  that  the  method  is  capable  of 
jcting  sharply  minute  amounts  of  arsenic  in  copper  and  of 
eting  the  estimation  of  quantities  less  than  0-05  mg.  with 
6  approximation  to  accuracy.  There  is,  as  Sanger  has 
ited  out,  a  good  deal  of  variation  even  in  standard  mirrors 
le  with  all  possible  care  and  precaution,  and  in  the  estima- 

of  mirrors  containing  as  much  as  0*05  mg.  of  arsenic  the 
ertainty  of  comparison  as  well  as  the  actual  variation  of  the 
ror  is  considerable. 

7 hen  a  sample  of  copper  is  under  test  which  may  contain 
e  than  0-05  mg.  of  arsenic  it  is  desirable  to  introduce  into 

reduction-flask   the   measured    solution     containing    the 
nic  gradually  and  in  definite  portions,  and  to  judge  by  the 


formation  of  tlie  mirror  in  an  interval  of  ten  minutee  after  tlie 
introduction  of  portions  of  tliie  teet  eolution  whether  it  is 
wiaiiT  to  add  the  entire  sointion  or  to  estimate  tlio  arsenic  in 
the  entire  soJution  from  that  fonnd  !n  an  atiqnot  portion. 

We  uppend  the  reunite  of  the  analysis  of  several  samples  tif 
commercial  copper,  all  of  wliich  were  electrolytic,  and  of  which 
the  last  two  represented,  presnmabljr,  the  very  purest  eleclro' 
lyticaliy  retined  copper  ohtninaljle  commcrciallv. 


CojjpiT  tuken. 

Aravaiu  fouad, 

PerotDUgfl 

gram. 

miUlRrBms. 

of  arsenic. 

Siimiile  A 

0-a 

n-016 

0-005 

"      B 

o-;i 

i)-o;to 

0-010 

"      C 

( 1- 

0-018 

0-OOlS 

1  '• 

0-015 

(-0015 

"     D 

1 1- 

0  005 

0  0005 

11- 

0-005 

O'OOOS 

Art.  XLII. — I^'ote^  ow  the  Jfiocene  and  Plitiame  of  Guy 
Head,  Martha'x  Vimtyard,  Mats.,  and  on  the  '■'■JMna  pli"»- 
p/iate"  of  the  Aehlcy  /iiver  dinlrict,  South  (Jarolina;  bv 
Wm.  H.  Dall,  Paleontologist  to  tiie  T7.  S.  Geolosjinil  Sur- 
vey* 

In  1844  Sir  Charles  Lyell  printedf  some  notes  on  Tertian' 
fossils  collected  by  him  at  Gay  Head  which  led  him  to  the 
conclusion  that  they  were  of  Miocene  age.  In  ISfiS  Dr- 
Stimpson  deecribed  a  fossil  crab  from  these  beds,:{:  but  without 
expressing  a  decided  opinion  as  to  its  geological  age.  In  ISl"' 
ilr.  David  White,  U.  S.  (i.  S.,  in  discnssing  the  Cretaceous 
plant-remains  of  the  Gay  Head  section^  gave  references  to 
most  of  the  literature  relating  to  the  Gay  Head  section,  vrhieb 
is  also  discnssed  in  Bull.  TT.  S.  Geol.  Survey,  No.  84,  by  Dall 
and  Harris  in  18y2.  It  will  not,  therefore,  be  necessan-  to 
refer  more  fully  to  these  well  known  publications  here. 

J\otwitliBt;inding  the  lapse  of  half  a  century  since  Lveir^ 
announcement,  the  present  writer  is  not  aware  that  any  attempt 
has  lieen  made  to  identify  the  fauna  of  the  Gay  Head"^  Mioeeiie 
and  determine  its  horizmi  relatively  to  other  Atlantic  coast 
Iwds;  or  even  to  positively  continn  from  paleontologie  evi- 
dence Lyoll's  determination,  though  on  other  grounds  it  lias 
been  very  generally  accepted. 

*  Piiblipbed  bv  pprmission  of  tlie  Director  of  Ihe  Survev. 
t  Tliia  Jouniai.  first  serieB,  vol.  ilvi,  pp.  318-3211. 
1  Boston  Joiini.  Sal.  Hist,  vii,  pp.  68a-9. 
^  Thia  Journal,  vol.  Jij.i.\i.,  pj).  9a-I01. 


9aU — Miocene  and  Pliocene  of  Martha^ a  Vineyard.    297 

he  writer  recently  visited  Gay  Head  for  the  purpose  of 
ying  this  faana,  and  sabsequently  examined  all  the  mate- 
collected  at  Gay  Head  and  Chilmark  in  past  years  and  now 
erved  in  the  collections  at  Harvard  College.  In  this  in- 
igation  material  aid  was  renderfd  by  Prof.  N.  S.  Shaler 
Mr.  J.  B.  Woodworth,  U.  S.  G.  S. 

he  following  species  have  been  identified  from  the  Miocene 
ray  Head  and  Chilmark ;  the  localities  are  indicated  by  G 
C  respectively. 

Vkbtebrates. 

Cyatiphora  sp.  (Lyell)  G. 
Rosmarus  sp.  (Lyell)  G. 
Hyperoodon  sp.  (Lyell)  G. 
Balaena  f  sp.  (Lyell)  G. 
Carcharodon  anguatidens  Ag.  G. 
Lamua  cuspidcUa  Ag.  G. 
Hemipristis  aerra  Ag.  G. 
Oxyrhina  haatalia  Ag.  G. 

unierous  uoidentified  remains  of  esseous  fishes. 

Crustacea. 

Archaeoplax  aignifera  Stro.  G.  C. 

Archaeoplax  ?  sp.  ind.  G. 

Balajiua  (?  proteua  Conr.)  fragm.  G. 

MOLLUSKS. 

Pecten  (irradiana  Lam.  young  ?)  G. 
Modiolaria  nigra  Gray  ?  C.     In  gray  clay. 
Yoldia  limatula  Say.     G. 
YokUa  aapotilla  Gould.     G.  C. 
Nucula  IShaleri  n.  s.     G.  C 
Aatarte  (like  atdcata  Da  Costa)  G. 
Aatarte  (like  semiaulcata  Leach)  G. 
Craasatella  sp.  G. 
Cardium  Virginia nurn  Conr.  G. 
laocardla  frater7ia  ?  Say.  C. 
Gemma  purpurea  Lea  var.  Tottenii  Stra.  G. 
Venua  (hgeata)  inoceriformis?  Wagner.  G. 
Ventia  !!«p.  G. 

Cytherea  pp.  (like  Saya^ia  Conr.)  G. 
Telliiia  (like  luaoria  Say)  G. 
Macoma  Lyellii  n.  sp.  G. 
Solen  pp.  young,  (liku  enslformis  Conr.)  C. 
Corbula  sp.  (like  disparilis  Orb.)  G. 
My  a  arenaria  L.  (x. 
Mya  truncata  L.  G.  (Lyell). 
Glycimeria  reflexa  Say,  (Panop(^a),  G. 
(Jhryaodomua  Sionei  rilsbry.  G. 
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TarU  of  the  rock  aUo  contain  ntimerons  worn  iDternal  casta  ' 
of  fcraminifera  wliich  have  been  recon>>ulidated  after  wear. 

The  shelle  are  all  repreeented  by  internal,  or,  In  a  few  c 
by  external  casts,  and  in  several  instances  the  ideatiticatioB  J 
though  highly  probable  could  not  be  made  positive  for  want  of '] 
the  external  characters.  Several  of  the  forms  appear  to  be 
undescribed.  One  of  the  Asiartev  cloBely  resembled  A.  nemv- 
sulcata  in  sculpture,  bnt  was  a  inorc  tumid  and  orbicular  shell; 
the  other  not  unlike  A.  itidcata,  is,  nevertheless,  different  from 
any  recent  or  fossil  species  known  to  me ;  but  in  so  difficult  a 
group  as  this  it  is  inadvisable  to  naino  spociee  without  a  more 
generous  supply  of  material. 

The  Vhrynudomuit  seems  without  doubt  to  be  identical  with 
a  species  recently  described  by  Pilsbry  from  specimens  wasbwi 
up  on  the  coast  of  New  Jersey  from  a  submarine  bed  which 
also  affords  Ckryaodomns  StimpMni  Mijrchy  Unccinutn  undo- 
turn  L.,  and  unusually  largo  specimens  of  TJromlpinx  nnereut 
Say.  The  New  Jersey  fossils  have  been  cast  up,  after  «vere 
storms,  at  Cape  Hay,  Sea  Isle  City  and  Point  Pleasaut,  in 
1891-3.  The  two  following  species  are  sufBciently  well  repre- 
sented to  permit  of  description  without  imprudence;  the 
Macoma  is  the  most  abundant  fossil  found  at  Gay  Head. 

Nuada  ShaUri,  n.  b,  J 

Shell  ovate-trigonal,  rather  solid,  moderately  convex,  ffith  ' 
the  iinlci'ior  slope  vcrv  short;  internii!  iiiiirgin  distinctly  and 
rather  coarsely  crenulated ;  anterior  hinge  margin  with  ei^ht 
or  nine  >  shaped  teeth,  posterior  with  about  sixteen,  winch 
are  less  angular;  muscular  impressions  small  and  the  posterior 
somewhat  impressed :  escutcheon  narrow,  not  deep,  ratiier 
small ;  outer  surface  sculptured  with  numerous,  rather  irregulur, 
coarse  concentric  ridges  often  discontinuous  or  bifurcating; 
toward  the  ends  of  the  shell,  the  umbonal  slope  of  each  ridf^e 
tending  to  be  longer  than  the  other  ;  these  are  crossed  by  Hue, 
sharp,  interrupted  grooves  radiating  from  the  beaks  to  the 
margin,     Lon.  of  shell,  15;  alt.,  11 ;  diameter,  7  '°°'. 

This  shell  belongs  to  the  group  of  N.  deciDtsata  and  antiqmta 
Shy.,  which,  with  the  exception  of  the  small  deep  water  south- 
ern y.  cynnlata  Hinds,  is  hardly  represented  on  our  coast 
either  recent  or  fojfsil.  The  typical  specimens  were  eollccted 
by  Professor  Shaler  at  Chilmark  in  a  ferruginous  gravelly  coti- 
gloincrate. 

Mncoma  LyelU,  n.  f. 

Shell  short,  high,  rounded,  rather  tumid,  with  the  posterior 
extremity  strongly  dextrally  flexuous;  anterior  slope  semicir- 
cular, pa.'^sing  evenly  into  the  base ;   posterior  slope  longer, 
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ted  behind  the  beaks,  subtruncate  obliquely,  below ;  two 
3  impreseed  lines  radiate  from  the  beak  to  the  lower 
Dr  margin ;  the  valves  appear  to  have  been  otherwise 
;  mnsealar  impressions  large,  distinct ;  pallial  sinus  in 
;ht  valve  rising  before  the  adductor  scar  then  suddenly 
;  and  rounded  off  but  little  in  front  of  the  beak ;  in  the 
Ive  the  sinus  is  more  evenly  arched  above  and  extends 
further  forward,  nearly  reaching  the  anterior  adductor. 
I  cast  45  ;  alt.  40 ;  diam.  17™. 

species  is  closely  related  to  Macoma  ohliqua  J.  Sby. 

tne  English  Crag,  but  is  less  produced  in  front  and 
xcavated  on  the  posterior  dorsal  margin.  It  is  also  more 
'  flexed  behind.  This  is  the  shell  mentioned  by  Sir 
^vell  as  "  a  Tellina  resembling  T.  biplicata!^ 
ill  be  observed  that  this  is  a  distinctly  northern  assem- 
any  of  the  species  might  be  at  home  in  the  waters  about 
ead  to-day,  as  far  as  we  can  judge  by  analogy  in  the  case 
net  species. 

•egards  correlation  with  the  divisions  of  the  Southern 
le  it  may  be  said  1 :  that  the  Gay  Head  Miocene  is  Chesa- 
ind  not  older ;  and  2,  that  it  belongs  in  all  probability 
upper  part  of  the  Chesapeake,  certainly  not  lower  than 
Mary's  fauna,  and  probably  between  that  and  the  York- 
eds. 

ut  eighty  feet  above  sea-level,  in  a  layer  of  sand  uncon- 
>ly  overlying  the  Miocene  beds  and  involved  in  the  Gay 
uplift,  a  small  patch  of  shell  fragments  was  discovered 
refully  collected  by  Mr.  J.  B.  Woodworth.  The  frag- 
were  well  preserved  and  not  badly  worn  though  broken, 
3  species  identified  were  as  follows : 

Venericardla  horeaiis  Conrad. 
Astarte  ca start ea  Say. 
tSpisida  polf/nt/ffia  Stm. 

VorblciUa  deftsttta  Conr. 
Macoma  Lyellii  Dall? 
Nucula  IShaleri  Dall,  var.  ? 
Purpura  Inpilhis  L. 

fragment  of  Macoma  fits  exactly  upon  the  beak  of  one 
internal  casts  of  M,  Lyellii  from  the  Miocene.  The 
v^alve  of  Nuimla  is  larger  than  the  Miocene  specimens, 
lightly  more  rounded  base  and  a  few  more  teeth  on  each 
the  hinge ;  but  these  are  characters  which  denote  greater 
ty  and  tbere  can  he  but  little  doubt  that  the  shell  is  the 
Corhicula  flenaata  was  described  from  the  upper  Mio- 
F  Virginia  and  occurs  in  the  Pliocene  of  South  Carolina, 
3  Venericardla  is  of  the  recent  type  rather  than  .the  Mio- 


m 
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cone  V.  granulata.  On  tlie  wliole  these  spefiimenB  indicate  a 
more  recent  fatiiiH  tlmu  the  Miocoiio  above  (]GH;ribi;d  atid  ma^ 
jrerhups  be  regiuded  as  pwpresenting  tbe  Pliocene. 

The  Phosphatic  Rock  of  tiik  Ashi.kt  Distbu't,  Soittii 

(.■AKOLIXA. 

A  jear  Hgo  Mr.  Wuudwurth  bad  found  on  llio  eotithero 
eliore  of  Block  Island  some  fossiliferous  peblilea  which  indi- 
cated for  thernBelves  a  Tertiary  origin.  A  visit  to  the  island 
and  enlisequent  enquiries  sliowed  that  these  were  derived  fnMn 
tiie  wreck  of  a  ves.'iet  loaded  witli  phosphate  rock  from  the 
east  hank  of  the  Ashley  river  ahout  ten  miles  from  CharleetuD, 
S.  C.  It  is  of  the  variety  known  ae  "land  phiispliate,"  ob- 
tained by  excavating.  The  wreck  occurred  July  17,  1877,  but 
similar  rock  1  arn  informed  is  being  excavated  und  shipped 
to-day. 

An  examination  disclosed  i^oivic  discrepancies  lietween  the 
rock  with  its  contained  fossils  and  tlie  descriptions  current  in 
the  literature  relatiiig  to  tbu  South  Carolina  phuspLates.  The 
matorial  consists  of  fragments  of  limestone  rock,  eontainiiie 
mimemus  cnste  of  sheila  and  small  solitary  corals  {Balanophyl- 
lia),  worn  by  the  sea  into  irregular  rounded  lumps  and  bored 
by  boring  mollusks  ((y(W^/''.ic'A*e««,  etc.)  This  material  (which 
has  the  appearance  of  having  been  pbosphatized  after  being 
woni),  lies  on  a  bed  of  sand,  or  sand  and  ctny,  which  is  some- 
times several  feet  thick  and  at  other  times  disappears  alto- 
gether, when  the  phosphatic  nodnles  and  other  things  asso' 
ciated  with  them  lie  directly  or.  the  worn  surface  of  the  Ashley 
and  Cooper  marls.  Among  the  nodules  are  found  many  bones. 
teeth  and  other  remains  of  animals,  some  of  which  are  not 
older  than  the  Postpliocene,  and  even  relies  of  aboriginal  man 
have  been  gathered  from  the  same  stratum  according  to 
Holmes,*  who  consequently  assigned  the  aggregation  to  the 
Postpliocene,  while  recognizing  tiie  more  ancient  character  of 
the  rt>ck  from  which  the  nodules  were  originally  formed. 

Penrose  (Bnll.  T.  S.  G.  Survey,  No.  40,  pp.  til-2,  1S8S)  in 
discussing  the  South  Carolina  phosphates  says  "  the  nodules 
generally  contain  casts  of  Eocene  shells  and,  in  some  cases, 
marine  hones  and  sharks'  teeth,"  In  this  he  was  probably  fol- 
lowing Holmes  and  others  who,  notwithstanding  tbe  usual  in- 
tervention of  the  sand  and  clay  beds  between  the  top  of  the 
Ashley  Uiver  maris  and  the  bed  of  phosphatic  nodules,  have 
regarded  tbe  nudnles  as  waterwoni  fragments  of  the  Asiilev 
marl  rock.  The  latter  was  doubtfully  referred  to  the  Eocene 
by  Tuomey  (Geol.  S.  Car.,  p.  Hi7,  1848)  because  three  Eocene 
*  Phoi-phate  Wds  of  South  Carolina,  p.  62,  18T0. 
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species  were  common  to  the  Santee  (Eocene)  and  Ashley  beds. 
One  of  these  species  is  inedited,  another  is  an  unrecognizable 
internal  cast  {Convs  gyraius)  the  last  is  NautU^is  alabamensis. 
Two  other  Eocene  forms  are  mentioned  by  Tuomey  as  belong- 
ing to  the  Ashley  River  marl,  Pecten  calvatus  and  Panopoea 
elougata.  The  Cretaceous  CfryphcBa  mntahilis  and  the  very 
uncertain  Anomia  ju^osa  complete  the  list  of  known  species 
among  those  which  were  named,  but  not  described  or  figured, 
by  Tuomey.  It  is  by  no  means  unlikely  that  such  of  these  as 
are  really  Eocene  may  have  been  derived,  like  the  Oryphcea^ 
from  subjacent  deposits.  Tuomey  says  in  regard  to  the  Ashley 
marl  (op.  cit.  p.  165),  *'  Mr.  Ruffin  was  struck  with  the  absence 
of  all  the  more  common  Eocene  forms  of  Virginia  and  even  of 
the  Santee"  and  (p.  167)  ^^\enu8  crassa  (T.  mss.)  bears  so 
strong  a  resemblance  to  the  Miocene  species  V.  lyrata  Conr. 
tliat  it  was  not  without  hesitation  that  I  separated  them.  Car- 
dita  dvhia  (T.  mss.)  can  scarcely  be  distinguished  from  a  spe- 
cies found  in  the  Miocene  of  Pamunkey,  Va.  V.  proxima 
(T.  mss.)  is  like  F.  cortinaria  ;  in  a  word,  any  one  acquainted 
with  our  fossils  would  be  struck  with  the  Miocene  aspect  of 
these ;  and  had  I  not  found  them  associated  with  Gryphcea 
mutabilis,  Pecten  calvatus,  Conus  gyvatus  and  Panopoea  elon- 
gata^  I  would  not  have  ventured  to  place  them  here. 

The  pecten  referred  to  is  not  P.  calvatvs,  and  it  is  obvious 
that  the  Eocene  age  of  the  Ashley  marl  is  in  great  need  of 
confirmation.  An  examination  of  the  casts  of  fossils  in  the 
phosphatic  nodules  shows  about  twenty  species,  of  which  the 
most  common  are  an  undescribed  species  of  Venus,  Astarte 
vicina  Say,  an  Amusium  not  distinguishable  from  A.  movtoni 
jr.,  Lucina  contracta  Say,  Dentalimn  attenuaturn  Say,  and  a 
Venericardia  different  from  but  related  to  V.  gramclata  Say. 
Beside  these  are  species  of  Corhvla,  Leda,  Yoldia,  Pectin 
{deeeinnanns  Say),  Tellina,  Olivella,  Margindla,  Solen,  Modi- 
ola^  and  Balanophyllia,  Lastly,  among  the  gutta  percha 
squeezes  taken  from  the  casts  were  two  unmistakable  frag- 
ments of  Ecphm*a,  quadricostaUi,  All  the  identified  species 
are  well  known  Miocene  shells  and  all  the  others  may  well  be 
Miocene.  Not  a  single  Eocene  species,  or  characteristic 
Eocene  type,  occurred  in  the  whole  collection. 

I  have  no  hesitation  in  concluding  therefore  that  the  rock 
from  which  the  phosphatic  nodules  are  derived  is  of  upi)er 
Miocene  age,  or  at  least  that  its  fauna,  while  unmistakably 
Miocene,  is  more  nearly  related  to  the  Chesapeake  Miocene 
than  to  the  older  beds  of  the  Chipola  epoch.  The  phosphati- 
zation  of  the  rock  was  of  course  later  than  its  formation  and 
perhaps  might  have  taken  place,  like  that  of  the  very  siniilar 
Peace  River,  Florida,  phosphatic  pebbles,  during  Pliocene 
time. 

WashiDgtOD.  July  20,  1894. 
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Art.  XLIII. —  Ontke  Thenno-deiiric  {Properties of  PlaUnoid  1 
anii  Mattffanine ;  by  B.  O.  Pkirck. 

DuRisn  tlio  last  few  years  the  attention  of  raany  phyBiciets  I 
has  been  occupied  with  the  attempt  to  discover  an  alloy  in  every  P 
reepeet  suitable  for  inHking  Btandurds  of  electrical  reeistAnce,  4 
Such  an  alloy,  it  is  evident,  mast  be  non-magnetic,  dnotile,  not 
easily  corroded   and  easily  soldered   to  copper  and  brass.     U  , 
mnst  have  a  high  specifio  resistance  independent  of  the  tent 
perature  and,  when  drawn  into  wire,  its  resistance  must  not  be 
snbject  to  secular  change. 

No  one  'substance  is  yet  known  to  satisfy  all  these  condi- 
tions completely  and,  since  there  is  still  some  doubt  about  the 
permanency  of  artiticially  seasoned  resistance  coils  made  of 
nianganine  wire,  many  makers  of  standards  pi-efer  to  use  plnti- 
noid  in  spite  of  its  coninaratively  high  temperature  coefficient. 

I  have  been  trying  o^  late  to  reduce  m  much  as  possible  the 
distu riling  effects  of  tliermo-electrie  currents  in  a  certain  stand- 
iird  slide  wire  bridge  and  have  had  occasion  to  determine  the 
thermo-electric  relations  of  copper  to  snch  "platinoid  and 
*  manganine  as  are  to  be  obtained  in  the  market-  A  few  years 
ago  such  determinations  wonld  have  had  ver}'  little  practical 
value,  since  different  specimens  of  copper  had  very  different 
liositI(.iii-  in  the  thermo-fleotrif  fe:i]e,  but  thit.  last  statement  is 
no  kinircr  true  of  copper  bought  in  the  American  market.  1 
\iavt:  tt'steii  ;ii;ainst  each  other  many  specimens  of  copper  wire 
of  ditferent  size:^,  chosen  at  random  from  a  rather  large  slock 
I>ouglit  at  intervals  during  the  last  five  years,  and  the  highest 
electromotive  force  that  I  have  (jl)tiiined  was  tVOri  microvolt* 

fr  centigrade  degree,  and  this  was  very  exceptionally  large, 
believe  that  a  tJiermiil   juiictiou  made  of  two  specimens  nf 
I       I  pe  o  f      ff  ep    aile      akers 

I         t      e  o      p,  s   units 

o  e  ec  e  f  were 

0       1  bo        e  iuRT- 

c  J  ITU  I  I    t  le  has 
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tested  several  specimens  of  commercial  copper  wire  of  diflFerent 
sizes  against  plates  of  electrically  deposited  copper  and  that  the 
electromotive  force  of  every  one  of  these  combinations  was 
extremely  small  or  insensible.  When  snch  results  as  these  are 
compared  with  those  obtained  fifteen  or  twenty  years  ago,*  it 
is  evident  tliat  great  progress  has  been  made  in  the  manufac- 
ture of  copper  wire  for  electrical  uses  and  that  commercial 
copper  has  now  a  pretty  definite  thermo-electric  position. 

The  platinoid  wire  which  1  used  was  of  two  sizes  (nos.  19 
and  28  of  the  American  Gauge)  and  was  bought  about  four 
years  ago  of  Messrs.  Elliott  Brothers  of  London. 

The  so-called  "  manganine  ''  wire  was  of  seven  sjzes  bought 
at  difEerent  times  through  Messrs.  Gillis  &  Gleeson,  of  Messrs. 
Bradford,  Kyle  and  Co.  of  Plymouth,  Mass.  The  largest  size 
(no.  18)  was  hard  drawn,  the  other  sizes  were  all  annealed. 
Three  specimens  (nos.  18,  26  and  30)  showed  when  examined 
qualitatively  only  a  trace  of  nickel  in  combination  with  copper 
and  manganese. 

Each  of  the  wire  thermal  junctions  when  in  use  was  im- 
mersed close  to  the  bulb  of  a  thermometer  in  a  bath  containing 
about  a  litre  and  a  half  of  heavy  paraffine  oil  and  furnished 
with  a  stirring  apparatus.  Each  oil  bath  was  set  into  and 
jacketed  by  a  vessel  of  about  10  litres  capacity  into  which  ice 
or  warm  water  or  steam  could  be  introduced  or  which  could 
be  used  as  an  air  bath.  The  electromotive  forces  of  the  dif- 
ferent combinations  were  determined  by  compensation  on  a 
potentiometer.  When,  for  the  purpose  of  obtaining  a  rough 
check  on  the  other  results,  quicksilver  was  opposed  to  plati- 
noid or  to  manganine,  the  lower  end  of  a  very  large  test  tube 
containing  about  40  grams  of  redistilled  mercury  was  deeply 
immersed  in  each  oil  bath  and  the  contents  of  the  two  tubes 
were  connected  by  a  long  glass  siphon  filled  with  mercury. 
The  bulb  of  a  thermometer  and  an  end  of  a  piece  of  wire  of 
the  kind  to  be  examined  were  immersed  in  the  mercury  of  each 
test  tube  and  obvious  precautions  were  taken  to  prevent  undue 
loss  of  heat  from  the  contents  of  the  tubes.  The  following 
table  gives  the  results  of  observations  made  in  this  way  witli 
platinoid  wire  no.  19  and  with  hard  drawn  manganine  wire  no. 
18.  In  each  case  the  current  passes  across  the  hot  junction 
from  the  first  named  metal  to  the  second,  the  electromotive 
forces  are  measured  in  microvolts  and  the  temperatures  of  the 
junctions  are  given  in  centigrade  degrees. 

*Se©  Everett's  Physical  Constants,  p.  151. 
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Table  1. 

KlectromotWe  Forcei. 

>Diperatun 

M  of  Ihe 

Uercurj  vs.                       PtaiiunidiC 

Junctions. 

MaiiKttniiie.                           Merciuy.  i 

0"  niul 

10° 

QO                                    123        J 

l)°  and 

20° 

130                                    246 

0°  and 

30" 

209                                372 

O'and 

40" 

288                                600 

0"  and 

50° 

369                                «»1 

0"  ami 

uo° 

43H                                766 

0°and 

70- 

624                                906 

0"  and 

eo' 

613                              1048 

0"  and 

90° 

7(11                              1190 

0°  and  100° 

797                              1331 

When  the  hard  drawn  manganino  wiro  no,  IS  in  a  thermfll 
junction  whs  for  the  tirst  time  raised  to  the  temperature  of 
boiling  water  and  then  elowij'  cooled,  the  reeulta  of  a  series  of 
observation!!  of  electromotive  force  taken  daring  the  cooling 
were  eonKittines  rather  irrugalar  tiiongb  thoy  agreed  in  general 
fairly  well  with  the  regular  results  (iu  complete  agreement 
with  one  another)  obtained  on  a  itecond,  third,  or  stioseqneiit 
heating.  The  platinoid  wire  always  gave  regular  resitlte  from 
the  first  and  these  were  repeated  wnth  a  given  specimen  »* 
ofton  M  the  janctions  were  brongbt  to  the  same  temperatnres. 
The  annealed  nianganine  wire  showed  no  irregularities  on  fir^t 
being  heated.  The  results  of  a  large  number  of  completely 
accordant  observations  with  thermo  elements  made  of  copfwr 
and  eitlier  platinoid  wire  no.  19  or  manganine  wire  no.  18  arc 
given  in  the  next  table. 


Table  II. 

Klectroiootiv 

e  Forces. 

Temperatures  of  the 

Copper  va. 

Platinoid 

Junctions. 

Manganine. 

Copper. 

O'and 

10* 

4-3 

189 

0°and 

:20° 

8-2 

37fl 

0°  and 

30° 

14-1 

572 

0°  and 

40' 

19-6 

7C9 

O'and 

50° 

25-7 

971 

0°  and 

60° 

32-6 

1179 

0°  and 

70° 

40-2 

13S1 

0°and 

80° 

48-1 

1609 

0°  and 

90° 

56-4 

1834 

0°  and 

100° 

84'9 

2063 

The  thermo-electric  efEects  at  the  junctions  with  their  cop- 
per terminals  of  resistance  coils  would  evidently  be  far  Ic^-' 
under  given  conditions  if  the  coils  were  made  of  this  speciniea 
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inine  than  if  they  were  made  of  the  platinoid.  More- 
\  hard  drawn  manganine  wire  conld  advantageously  be 
El  slide  wire,  since  accidental  heating  of  a  portion  of 

would  not  alter  its  resistance  appreciably  and  since 
[no-electric  effects  at  the  junctions  of  the  slider  would 
sible.  On  account  of  its  high  specific  resistance  very 
ganine  wire  has  been  much  *  used  as  slide  wire  in  po- 
tter work, 

r  of  thermo-electric  junctions  made  of  copper  wire  and 
)f  the  manganine  wire  no.  18  which  had  been  kept  for 
minute  at  red  heat  and  then  suddenly  cooled  gave  an 
otive  force  of  65*9  microvolts  when  one  junction  was 
li?  and  the  other  at  93^  It  is  instructive  to  compare 
lit  with  the  results  of  experiments  mentioned  below 
rere  made  with  manganine  wire  thoroughly  annealed 
lanufacture. 

umbers  given  in  Table  II  for  the  electromotive  force 
loid  against  copper  do  not  agree  very  well  with  the 
obtained  by  Messrs.  Bottomley  and  Tanakadate  who, 
>r  the  electromotive  force  of  this  combination  the  two 
)ns  -1246  -5-44^  and  -1294  -4-88^  in  c.  g.  s.  units, 
erience  seems  to  show,  that  as  these  gentlemen  sus- 
different  specimens  of  platinoid  wire  have  different 
I  the  thermo-electric  scale.     A  number  of  thermopiles 

platinoid  wire  no.  28  and  copper  gave  results  which 
rith  one  another  perfectly,  except  for  such  extremely 
ifferences  as  might  properly  be  charged  to  errors  of 
ion,  but  these  results  were  quite  different  from  those 

with  the  larger  platinoid  wire  and  much  closer  to 

Messrs.  Bottomley  and  Tanakadate. 


Table 

III. 

Temperatures 

The  Klectromotive  Force 

of  the 

of  Platinoid  Wire  no.  28 

Junctions. 

vs.  Copper. 

0°  and 

10° 

152 

0°  and 

20° 

306 

0®  and 

30° 

465 

0°  and 

40° 

628 

0°and 

50° 

799 

0°and 

60^ 

973 

0°and 

70° 

1  159 

0°  and 

80° 

1356 

0°and 

90° 

15G9 

0°  and  100° 

17S7 

i.  Goodwin :—Zeit8cbrift  f.  Physikalische  Chemie,  xiii,  4,  1894. 
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Of  annealed  iiiangaiiiiie  wire  I  liad  considuralile  quaiititiei  \ 
of  iiiuu  ditf(?reiit  Bpocimeiie  and  these  were  of  six  different  sizes, 
22,  2ft,  38,  30,  33,  and  3ft.  Of  tliia  wire  Mr.  C.  .1.  Shanahan 
and  I  inado  u  very  large  nuniher  of  thermoelectric  junctions, 
sumetimes  opposing  one  epocimen  of  niangauine  wire  to  ' 
anotlier  and  tiometitiieG  to  (;oppcr.  Experiments  with  these 
junctinne  showed  that  one  spueimen  {no.  22J  differed  rather 
widely  fi-oni  the  others,  which  were  tliermo-electrically  prettj 
close  together,  and  that  the  thermoelectric  position  of  the 
abnormHl  wii-c  was  in  no  way  changed  by  hentinj;  it  repcatedij 
red  liot  and  cooling  it  suddenly. 

Tahlo  lA'  gives  the  leenlts  of  nnnierons  experiments  upoD 
thermo-electric  junctions  made  of  annealed  manganine  and  cop- 
per. The  numbers  in  the  first  column  of  electromotive  forca 
were  obtained  with  tbe  no.  22  wire  just  mentioned  :  the  nmn- 
bers  in  the  last  column  are  the  averages  of  corresponding  nuni- 
boPH  in  a  tal»le  where  each  of  the  other  eight  speciniens  of  wire 
had  a  column  for  itself.  There  were  slight  persistent  differences 
between  these  last  mentioned  wires  but  there  was  no  apparent 
relation  between  the  size  of  a  wire  and  its  thermo-electric  posi- 
tion. It  will  be  noticed  that  the  electromotive  force  of  no  one 
of  tbe  manganine-copper  combinations  experimented  on  wu 
greater  than  abont  one-seventh  that  of  the  weakest  of  the  pla- 
tinoid-copper conjiiinations  under  similar  circumstances. 


Table  IV. 

KlectromotiT 

Forces  o( 

lempprat 
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Copper  vs.  OrdiDir; 

Wire  DO.  32. 

Annealed  Uauganiiie. 

0°  and 

10° 

24  0 

17-3 

O'nnd 

20° 

48'0 

34-7 

0°  and 

30° 

72-5 

62-3 

Cand 

40" 

97-4 

70-1 

0°  and 

00° 

123'0 

88-0 

0°  and 

80° 

149'0 

1060 

0°  and 

70° 

17o-0 

124-4 

0"  and 

80° 

202-0 

143  0 

0=  a..d 

90° 

229-0 

161-4 

0°  and  100" 

■.'57-0 

180-0 
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ory,  Cambridge,  Aug.  1894 
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Art.  XLIV. — Change  of  Period  of  Electrical  Waves  on  Iron 

Wires ;  by  John  Trowbridge. 

In  an  investi^tion  upon  the  damping  of  electrical  waves  on 
iron  wires*  I  endeavored  to  detect  a  change  of  periodicity  as  well 
as  a  damping  of  these  waves.  On  account,  however,  of  the 
strong  damping  effect  exerted  by  the  magnetic  nature  of  the  con- 
dnctors,  not  a  snfficient  number  of  oscillations  could  be  set  up 
in  the  conductors  to  enable  one  to  make  conclusive  measure- 
ments. With  more  powerful  means  of  experimenting  I  re- 
turned to  the  subject ;  and  I  have  detected  a  marked  change 
in  the  period  of  electrical  waves  which  is  produced  by  the 
magnetic  nature  of  the  wire.  At  the  same  time  Mr.  Charles 
E.  St.  John,  working  in  the  Jefferson  Physical  Laboratory,  by 
an  entirely  different  method  has  shown  a  change  in  wave 
length  on  iron  wires  even  for  the  very  rapid  periods  of  the 
Hertz  vibrator.  It  will  be  remembered  that  Hertz  believed 
that  iron  wires  behaved  like  copper  wires  when  transmitting 
very  rapid  electrical  oscillations.  Stefanf  in  a  recent  paper 
gives  an  analysis  of  electrical  oscillations  in  which  he  proves 
that  rapid  electrical  waves  on  iron  wire  circuits  have  the  same 
wave  length  as  those  on  a  copper  circuit  of  the  same  geometrical 
form — ^the  electrostatic  capacity  of  the  two  circuits  being  the 
same. 

With  reference,  therefore,  both  to  the  theory  of  electrical 
waves  and  to  the  theories  of  magnetism,  it  seemed  important 
to  determine  whether  there  is  a  lengthening  of  electrical  waves 
on  iron  wires. 

The  method  of  investigation  I  employed  was  the  same  as 
that  which  I  have  described  in  my  paper  on  the  damping  of 
electrical  waves  on  iron  wires.  A  Leyden  jar  was  discharged 
throngh  the  given  wires  and  the  resulting  spark  spread  out  by 
a  revolving  mirror,  was  photographed.  The  apparatus  was  also 
modified  as  I  have  described  in  my  paper  on  electrical  resonance 
and  electrical  interference,  j: 

It  was  important  in  this  investigation  to  be  able  to  compare 
the  times  of  oscillation  on  the  iron  circuits  and  the  copper  cir- 
cuits, and  it  seemed  best  to  employ  some  method  of  imprinting, 
60  to  speak,  the  time  of  a  standard  circuit  on  each  photograph, 
beside  the  photograph  of  the  spark  produced  on  either  the  iron 
circuit  or  the  copper  circuit ;  for  if  the  speed  of  the  mirror 
changed  this  change  could  be  readily  detected  by  the  measure- 

♦Pha.  Mag.,  Dea,  1891. 

{Ann.  der  Fhysik  nnd  Chemie,  zli,  1890,  p.  422. 
PhiL  Mag.,  Aug.,  1894. 
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inent  of  the  oeciltationa  of  the  elandnrd  time  Bpnrk.  At  first 
thonght  it  seemed  a  comparatively  simple  matter  to  arrange 
a  Buitiable  time  circuit.  In  Hertz's  electrical  waves,*  appendix, 
p.  S71,  it  ie  stated  : 

"Let  the  primai-j?  coils  of  two  induction  coils  be  placed  in 
the  same  circuit,  and  let  their  spark  K»ps  ^^  ^  adjasted  as  tn 
be  just  on  the  point  of  sparking.  Any  cause  which  Btarts 
sparking  in  one  of  them  will  now  make  the  other  begin  tn 
spark  as  well;  and  this  quite  independently  of  the  mutual 
action  of  the  light  emitted  by  the  two  sparks,  which  indeed 
can  easily  be  excluded," 

I  therefore  slipped  two  induction  coils  of  exactly  the  same 
self-induclion  on  a  long  electro-magnet,  placing  tliem  sym- 
metrically  upon  it.  In  the  circuits  of  these  induction  coils  I 
placed  the  same  amount  of  capacity.  The  spark  gap  on  the 
time  circuit  was  made  of  the  same  length  as  that  on  the  circuit 
of  iron  or  copper  wire  which  was  under  examination.  I  ex- 
pected thus  to  obtain  a  photograph  of  the  epark  on  my  etaudnnl 
circuit  at  the  same  inetant  as  that  of  the  spark  on  the  trial  cir- 
cuit of  iron  or  copper.  To  my  surprise  I  found  that  the  two 
induction  coils  did  not  respond  at  the  same  instant  to  tlie 
impulse  in  the  electro-magnet,  when  the  spark  gaps  were  of  tlie 
Bame  leneth.  It  was  necessary  to  make  a  careful  adjastment 
of  these  lengths  and  to  modify  the  amonnt  of  capacity  in  the 
two  circuits.  This  want  of  tsochronism  may  have  been  due  to 
irregularities  in  tlit'  liard  nibher  condensers  which  I  emploved 
as  condensers.  This,  however,  does  not  seem  probable.  The 
condensers  were  made  of  sheets  of  hard  robber  \  of  an  inch 
in  thickness,  covered  with  tin  foil,  and  the  set  of  condensers 
in  the  time  circuit  did  not  differ  geometrically  appreciably 
from  the  set  on  the  trial  circuit.  The  electrical  disturbances 
on  such  a  connected  system  is  evidently  a  complicated  one 
when  its  various  reactions  are  considered;  and  the  statement 
given  by  Hertz,  which  I  have  quoted,  must  be  modified  if 
mere  is  any  capacity  in  the  circuits  of  the  two  Ruhrakorf  coils 
which  have  a  common  primary. 

The  capacity  in  the  time  circuit  was  the  same  geometrically 
as  that  in  the  circuit  which  included  the  wires  under  examina- 
tion. A  suitable  amount  of  self-induction  was  placed  in  the 
time  cirenit.  To  ascertain  whether  the  time  circuit  could  be 
relied  upon,  I  made  many  measurements  of  the  ratio  of  the 
oscillations  in  the  time  circuit  to  those  in  the  trial  circuits 
which  contained  copper  wires  and  the  same  geometrical  capacity. 
I  had  no  reason  to  suspect  a  change  in  the  self-induction  iu  my 
time  circuit;  a  change  might  occur,  however,  in  the  capacity 
of  the  India  rubber  condensers,  due  possibly  to  hysteresis  or  to 

•  Electric  waves,  Dr.  Heioncb  HerU,  translated  by  D.  E.  Jones,  B.Sc. 
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electric  strains  and  deformations.  I  could  not  detect,  however, 
such  effects.  I  was  dealing  with  single  discharges,  not  repeated 
ones,  such  as  are  employed  in  obtaining  wave  lengths  along 
wires,  and  the  photographs  of  such  single  dif  harges  showed 
no  evidence  of  inconstancy  in  the  capacity  of  ray  condensers. 
If  there  was  any  effect  of  electrical  hysteresis  it  affected  both 
my  time  circuit  and  my  trial  circuit  alike. 

As  an  example  of  the  degree  of  accuracy  that  can  be 
obtained  in  the  measurement  of  the  distances  between  the 
oscillations  on  the  negatives,  the  following  table  is  given.  The 
distances  between  different  numbers  of  oscillations  is  given  in 
the  first  column  and  the  average  length  of  the  oscillation  is 
given  in  the  third  column. 

Distance  in  mm.  Number  of  Average  length 

between  the  first  oscillationa  included  of  oscillations 

and  last  oscillation.  in  this  distance.  in  mm. 

22-5  6  3-76 

26-1  7  3*73 

30-  8  3-'74 

16-1  4  3-77 

Repeated  measures  between  the  same  number  of  oscillations 
give  closer  measures;  but  one  is  apt  to  set  the  measuring 
mstrument  each  time  on  the  same  points  on  the  negative.  It 
is  evident  that  measuring  each  time  the  space  between  a  differ- 
ent number  of  oscillations  gives  the  fairest  result.  It  is  sur- 
prising how  close  one  can  set  the  measuring  instrument  upon 
the  serrations  of  the  negative. 

It  will  be  noticed  below  that  the  ratio  between  any  two  deter- 
minations of  the  time  on  the  time  circuit  is  the  same  as  that  be- 
tween the  corresponding  times  on  the  trial  circuits.  When  iron 
wire  of  suitable  diameter,  however,  was  substituted  for  copper 
wire  of  the  same  diameter  and  same  geometrical  form,  in  the 
trial  circuit,  the  ratio  of  the  determinations  of  time  in  the  time 
circuit  and  the  ratio  of  the  oscillations  on  the  iron  circuit  were 
no  longer  constant.  This  inconstancy  I  desire  to  dwell  upon 
as  my  strongest  proof  that  the  period  of  electrical  oscillations 
on  iron  wires  is  not  the  same  as  that  of  oscillations  on  copper 
wire  of  the  same  geometrical  form. 

The  arrangement  of  a  suitable  iron  circuit  gave  me  consider- 
able trouble.  The  problem  was  to  obtain  a  sufficient  length  of 
iron  wire  to  show  any  effect  of  change  in  periodicity  ana  also 
to  obtain  a  sufficient  amount  of  self-induction  in  order  that  the 
distances  between  the  oscillations  on  the  photographs  should  be 
measureable.  The  strong  damping  effect  of  iron  did  not  per- 
mit of  ray  using  more  than  four  or  live  meters  of  wire.  It  was 
not  a  simple  matter  to  arrange  two  circuits,  one  of  iron  and 
one  of  copper,  which  would  have  exactly  the  same  geometrical 
form.    After  many  trials  I  arranged  ray  trial  circuit  as  follows : 


I 

I 
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a  cylinder  of  very  poroiie  wood  11'5™  in  diameter,  IS"""  long, 
was  boiled  in  paratine,  and  a  spiral  was  cut  upon  its  surface, 
The  turns  of  tae  Buiral  were  1™  apart.  On  tliis  cylinder,  and 
in  these  spirals,  tlie  wires  tinder  examination  were  wound, 
After  a  determination  had  been  made  with  a  copper  wire  it 
was  unwound  from  the  cylinder  and  an  iron  or  steel  wire  was 
wound  in  the  grooves  occupied  by  the  copper  wire.  Exact 
geometrical  similarity  was  thus  obtained  witli  good  insulation. 
Several  hundred  determinations  were  made  with  wires  of  dif- 
ferent sizes.  With  iron  wires  larger  than  '0312  inch  in  diame- 
ter no  marked  change  in  period  could  be  noticed.  If  a  great 
number,  however,  of  photographs  were  measured  an  inconstancy 
of  ratios  was  noticed  which  never  appeared  wiien  the  copper 
circuits  were  compared.  It  seemed  as  if  at  certain  times  the 
iron  exerted  a  magnetic  effect  and  at  other  times  failed  to  do 
this.  The  most  marked  changes  in  period  I  obtained  with  iron 
wires  of  'U312  inch  in  diameter. 

I  give  the  following  example.     The  lengths  of  the  oscilla- 
tions are  expressed  in  millimetres. 

IBOH.  COI>F>BK. 

A.  B.  C.  D. 


Lengtli  of 

Lengtli  of 

LeDicQ)  of 

LenRthof 

OSCillltioD  OD 

oscillstioo  ou 

oscillation  on 

oscUlatioD  00 

iron  drooit. 

time  circuit. 

copper  cirouit. 

time  drciiil. 

3-7 

6-08 

8'S 

6-U 

3-7 

8-08 

3-4 

6-00 

3-7 

6-9 

3-3 

600 

2-7 

5-26 

4- 

8-1 

3-4 

61 

3-3 

5-16 

3 -37 

6-56 

2-8 

3-6 

2-68 

3-72 

"When  the  ratios  of  A  to  B  and  of  0  to  D  are  compared  it  will 
be  seen  that  the  time  of  electrical  oscillations  on  an  iron  cir- 
cuit of  the  same  geometrical  form  as  a  copper  circuit  are  longer 
than  those  on  the  copper  circuit. 

The  rate  of  oscillation  was  not  far  from  that  I  employed  in 
my  investigation  on  the  damping  effect  of  iron  wires.  Since  the 
inductance  appears  under  the  square  root  in  the  formula 
t  =  2Tr\^Lc.  The  changes  in  induction  due  to  the  iron  indi- 
cated by  the  above  table  may  amount  to  from  five  to  ten  per 
cent. 

Thus  my  results  confirm  those  of  Mr.  Charles  E.  St.  John, 
who  has  shown  by  an  entirely  different  method  that  the  wave 
lengths  sent  out  by  a  Hertzian  vibrator  on  iron  wires  differ  io 
length  from  those  transmitted  on  copper  wires  of  the  same 
geometrical  form  as  the  iron  wires.  His  results  are  even  of 
more  importance  in  the  theory  of  magnetism,  for  they  deal 
with  more  rapid  electrical  oscillations  than  those  I  employed. 

JefferaoQ  Pbjaical  Laboratory. 
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Art.    XLV. —  Wave  Lengths  of  Electricity  on   Iron   Wires  / 
by  Charles  E.  St.  John,  A.M.    With  Plate  IX. 

The  qaestion  whether  the  magnetic  properties  of  iron  are 
called  into  play  under  extremely  rapid  alternations  of  the  mag- 
netizing forces  has  been  an  interesting  one,  and  has  received 
various  answers. 

Hertz  found  negative  results  when  he  replaced  one  side  of  a 
rectangular  copper  resonater*  by  an  equal  iron  wire,  and  in  a 
later  paper  on  the  "Finite  velocity  of  Electromagnetic 
Action,"!  when  he  compares  the  rate  of  propagation  along  cop- 
per and  iron  wires,  he  concludes  "  that  tne  rate  of  propagation 
in  all  wires  is  the  same,  and  we  are  justified  in  speaking  of  it 
as  a  definite  velo^Jty.  Even  iron  wires  are  no  exception  to 
this  general  rule ;  hence  the  magnetic  properties  of  the  iron 
are  not  called  into  play  by  such  rapid  disturbances. "J 

Dr.  Oliver  J.  Lodge  attacked  the  question  by  means  of  his 
experiment  on  the  alternate  path.  In  his  "  Lightning  Conduc- 
tors and  Lightning  Guards  "  (1892^§  he  remarks :  "  But  everyone 
will  say — and  I  should  have  saia  before  trying — surely  iron 
has  more  self-induction  than  copper.  A  current  going  through 
iron  has  to  magnetize  it  in  concentric  cylinders,  and  this  takes 
time.  But  experiment  declares  against  this  view  for  the  case 
of  Leyden  jar  discharges." 

Prof.  John  Trowbridge  has  shown  that  the  magnetic  charac- 
ter of  iron  wires  exercises  an  important  influence  upon  the 
decay  of  electrical  oscillations  of  high  frequency,  and  that  cur- 
rents of  such  frequency  as  occur  in  Leyden  jar  discharges  mag- 
netize the  iron.  The  spark  in  geometrically  similar  oscillating 
circuits  of  copper  and  iron  was  photographed  by  means  of  a 
revolving  mirror  and  the  number  of  oscillations  on  the  nega- 
tives compared. 

Prof.  J.  J.  Thompson  has  shown  ||  that  the  presence  of  iron 
can  affect  the  rapidly  oscillating  electric  discharges  through  a 
rarified  jar  by  absorbing  the  energy  of  the  discharges. 

In  a  paper  upon  the  Absorption  Power  of  Metals  for  the 
Energy  of  "Electric  Waves,"  V.  Bjerknes  has  also  given 
results  that  prove  the  great  damping  power  of  magnetic  metals 
upon  electric  oscillation  of  very  higli  frequency  (100,000,000 
double  oscillations  per  second). 

*  Annaleii  zxzi,  p.  429,  1887.  f  AnDalen,  xxziv,  p.  351,  1888. 

t  Electric  Waves,  p.  113. 

\  ProceediDgs  of  American  Academy  of  Arts  and  Sciences,  vol.  zzv,  May  27, 
1891. 
I  PbU.  Mag.  (Y),  Ixxzii,  p.  456,  July,  1891. 


If  the  Hamping  power  of  iron  is  duo  to  the  fact  that  ita  mag- 
uetie  properties  are  brought  into  play,  under  such  rapidly 
alternating  forces,  it  still  remains  an  interesting  i^iiestion 
whether  the  self-induotion  of  an  iron  circnit  is  measurably 
greater  than  that  of  a  Biuiilar  copper  circnit,  and  whether  the 
wave  length  remains  constant  for  oscillations  of  the  same  period, 

In  the  determinations  of  the  wave  lengths  dne  to  the  Hertz- 
ian vibrator,  the  arrangement  originHteabv  Hertz*  and  modi- 
fied by  Lecherf  and  by  Saraain  and  De  La  RiveJ  has  been 
very  generally  employe].  In  this  arrangement  secondary  disks 
were  placed  face  to  face  with  the  plates  of  the  vibrator  and 
near  to  them,  to  each  secondary  disk  a  long  wire  was  attached; 
and  these  wires  carried  through  the  air  parallel  to  each  other, 
with,  sometimes,  an  additional  disk  on  the  free  ends. 

With  such  an  arrangement  no  exact  adjustment  of  the  length 
of  the  secondary  circnit  was  required  in  order  to  excite  power- 
ful oscillations  in  it,  for  the  direct  electrostatic  induction 
between  the  plates  of  the  secondary  and  the  disks  on  the  ends 
of  the  primary  wires  was  so  great  that  vigorous  oscillations 
were  produced  along  the  secondary  wires  whatever  their  length 
might  be,  and  several  systeins  of  waves  conld  be  detected  which 
seemed  to  give  experimental  grouuds  for  believing  that  the 
wave  system  sent  out  from  the  Hertzian  vibrator  was  very 
complex. 

The  capacity  of  the  vibrator  is  increased  by  the  presence  of 
these  secondary  disks  so  near  to  the  vibrator  plates,  so  that  the 
wave  length  found  under  these  conditions  is  not  that  due  to 
the  simple  Hertzian  vibrator  bnt  that  dne  to  a  very  complex 
oscillating  system  with  somewhat  obscnre  internal  reactions. 
Especially  is  this  true  when  the  wires  are  bridged  as  in  the 
Lecher  arrangement.  The  latter  calls  attention  to  the  change  in 
the  sound  of  the  primary  spark  when  the  secondary  wires  are 
bridged  by  a  conductor.  There  is  a  very  marked  difference  in 
the  spark  when  the  secondary  circuit  is  removed  entirely. 
The  spark  then  loses  much  in  body  and  explosive  character. 
The  secondary  circuit  under  these  conditions  exerts  apparently 
a  strong  reaction  upon  the  primary. 

It  seemed  desirable  to  devise  some  form  of  secondary  depend- 
ing more  directly  upon  the  principle  of  electrical  resonance, 
the  use  of  which  would  not  increase  the  capacity  of  the  vibrator 
and  whose  reiietion  upon  it  would  be  a  minimum.  This  was 
done  by  omitting  the  secondary  disks  and  nsiug  simply  a  single 
long  wire  as  shown  in  fig.  la. 


tAnualen,  lii. 
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The  secondary  circuit  consists  of  the  long  rectangle  PQRS 
which  is  carefully  adjusted  to  resonance  before  any  other  meas- 
urements are  made. 


la. 


S59CZU 


P 
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For  determining  the  occurrence  of  resonance  and  for  explor- 
ing the  wires  to  obtain  the  wave  form,  the  bolometer  as  de- 
scribed by  Paalzow  and  Rubens*  was  used  in  connection  with 
Rubens't  adaptation  of  it. 

The  exploring  terminals  of  the  bolometer  are  shown  at  P,  fig. 
2a.  They  consist  of  two  capillary  glass  tubes  set  in  a  frame 
of  wood,  the  tubes  slide  over  the  wires  to  be  explored,  and 
around  each  tube  is  wrapped  by  a  single  turn  one  of  the  leading 
wires  to  the  bolometer.  Electric  oscillations  in  the  secondary 
circuit  cause  inductively  alternating  currents  along  the  leading 
wires  through  one  arm  of  a  balanced  Wheatstone  bridge,  which 
forms  the  bolometer.  This  arm  of  the  bridge  is  made  of  fine 
iron  wire  and  so  arranged  that  the  bridge  current  and  the 
oscillating  currents  traverse  it  without  affecting  each  other. 
The  bridge  is  thrown  out  of  balance  by  the  increase  of  resist- 
ance caused  by  the  heat  generated  from  the  alternating  cur- 
rents, and  a  corresponding  throw  of  the  galvanometer  is  pro- 
duced. 

To  adjust  the  circuit  to  resonance  the  exploring  terminals 
were  placed  at  P8  (fig.  la.)  The  induction  coil  was  put  in 
action,  and  the  reading  of  the  bolometer  taken  for  this  length 
of  wire,  a  few  centimeters  of  wire  were  cut  off  and  the  reading 
again  taken.  This  operation  was  repeated  until  a  maximum 
point  was  passed.  Tne  wires  were  renewed  and  the  operation 
repeated  again  and  again.  A  sharp  and  unmistakable  maxi- 
mum was  formed  when  PQ  was  859^™  1<^"K-     The  effect  fell 

*  AnwenduDg  des  bolometrische  Princips  auf  electrische  Mcssuogen,  AnDalen 
xxxvil  p.  529. 

f  Ueber  stebende  electrische  Wellen  in  Draliten  und  deren  Messungen,  AoDalen 
xlii.  p.  154. 
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oflE  rapidly  when  tlie  wires  were  lengthened  or  shortened  from 
either  point.     The  reenlt  ia  shown  graphically  iu  fig.  2,  where 


distaiiceB  from  Q  are  nsed  as  al>EciegB6  and  deflections  of  the 
galvanometer  as  urdinates.  When  the  circuit  is  thus  arranged, 
there  is  little  effect  pro- 
duced upon  it  bj  the 
vibrator  unlese  it  ie  near 
tlie  point  of  reaonanoe. 
The  period  of  the  vibra- 
tor is  the  controlling  fac- 
tor and  the  intluence  of 
tlie  secondary  circuit  is 
greatly  reduced. 

To  detei  mine  the  char- 
acter of  the  vibrations 
alongtlie  wire,  the  lengtlis 
QP  and  RS,  fig.  U. 
were  fixed  at  Ssy™,  the 
exploring  terminals  were 
moved  along  the  rect- 
angle and  the  boioineter 
reading  taken  for  each 
position  of  the  exploring  terminals.  The  graphic  representa- 
tion of  the  results  is  given  in  fig.  1,  of  the  plate  where,  as  in 
all  the  curves,  the  abscissas  are  the  length  of  the  sides  of  the 
rectangle  and  the  ordinates  the  bolometer  readings.  The  char- 
acter of  tlie  curve  indicates  a  siinple  form  of  vibration.  The 
total  length  of  the  wire  is  equivalent  to  7  half  wave  lengths. 
The  minimum  points  occur  at  ncarlj'  equal  intervals,  and  the 
distance  fijom  the  minimum  at  7i8™  to  the  center  0  of  the 
side  QR  may  be  taken  as  three  half  wave  lengths.  This  fur- 
nishes a  ready    means  of   calculating   the   half   wave  length. 
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748  +  15  =  763™.     763  ^  3  =  254-3™.  =  a  half 
Thedistance  from  this  intnimum  to  tlie  end  of  the 
fticnld   be  a  foarth   wave   Icngtli   or   12715™.     The 
■taitce  is  859  —  748  =  111™,  so  that  the  correction  for 
md  of  the  wire  is  about  10™. 
t  the  Icagth  of  the  wire  under   this   arrangeineut 
4  of  considerable  difKeulty,    but   tlie   poseihility  of 
B  wirecircnit  free  from  distiiibiiig capacities  would 
B  mnch  inconvenience.     To  remove  this  source  of 
mce,  tlie  ends  P  and  S,  lig.  3a,  were  wotind    upon 
■  bins  BO  that  shortening  and  lengthening  could   be 
nthont  cutting  the  wire  ;  this  was  a  marked  gain  in 
?e;  but  ihe  changing  size  and  form  of  the  coils,  as 
*!iis  ^liiiitened  or  lengthened,  varied   the  capacity  at 
lifflitly  ;iad  somewhat  irregularly.     This  led  to  the 
^  of  the  iiriangement  shown  in  Us.  2«. 
condarv  circuit  consisted  of   tlie   rectangle   KLMN 
side  £X  open.     The  lengths  of  the  sides  KL  and 
Hd  he  varied  between  15'^'",  and  lOtMj™. ,   Tlie  ends  were 
mrined   by  the  small  copi>er   boxes  M'^aiid  K.     These 
^  square  and  i™  thick  and  monnted  upon  the  wooden 
w  insulating  supports.     Within  the  ho.\ee  were  wooden 
I  fixed  on  a  hard  rubber  axle,  and  each  capable  of  bold- 
"  the  largest  wire  experimented  upon.     In  the  front 
I  box  was  a  small  openmg  for  the  passage  of  the  wire, 
IBsnre  a  firra  contact,  between  the  wire  and  the  boxes, 
■  block  was  foldered  on  the  inner  side  of  the  front  and  a 
^5  screw  pa^ised  in  from  the  side  of  the  hox.     The  bar  E 
Itencd  to  a  wooden  supjwrt  resting  upon  a  ear  which  ran 
l^ooden  track  extending  the  entire   length  of  the  room. 
■  carried  a  brake  so  that  the  wiies  could  be  drawn  taut 
e  wooden  screw  held  the  axle  from   turning.     With  this 
uent  t!ie  length  of  the  wire  could  be  varied  at  pleasure 
e  end  capaeities  remained  constant.    The  end  capacities 
tot  a  desirable   feature  for  their  own   sake,   since   they 
y  the  perfect  simplicity  of  the  plain  rectangular  circuit, 
m  to   detract   somewhat    front   the  sharpness  of   the 
atima.  bat  the  jipiin  in  convenience,  and  the   possibility  of 
taining  a  large  numbor  of  observations  whose  average  valnes 
isn  be  used  may  overbalance  these  considerations. 

For  making  and  breaking  the  current  through  the  induction 

oil,  an    interrupter  which   would   work    with    certainty  and 

gQlarity   was   maoh  needed.      With    the   assistance  of   the 

iJianitiian  of  the  laboratory  I  devised  an  interruptor  which 

)r  liatisfactory  resnlts. 

dl  electric  motor  (fig,  4a)  was  used  to  produce  the 
yamtion,  tbia  waa  actuated  by  the  carrent  from  two 
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storage  cells,  and  nm  at  a  fairly  constant  sjieed.  Tlie  ariiiatare 
of  the  motar  was  in  tiii-ee  sections,  and  was  free  fi'oiii  dead 
points,  giving  it  the  great  advantage  for  the  present  pnrpoee 
that  it  conld  be  set  in  action  siiuplj  hy  oioBing  the  circuit, 
making   it  possible  to  control  it  from   the  observer's   station. 


f/ffj^  Scale- 


The  motor  was  geared  to  the  Iwo-crank  shaft  K  by  means  of  a 
wheel  and  pinion.  The  speed  of  the  shaft  K  was  aboat  750 
revolutions  per  minute,  so  that  about  25  breaks  were  made  per 
second.  The  plunging  rods  was  thinned  at  O  so  that  they 
were  flexible  and  gave  tlie  required  freedom  of  motion;  they 
ran  through  the  bed  plate  and  the  brass  bar  lielow  which  served 
as  guides.  The  plunging  rods  carried  binding  screws  by  wliich 
the  flexible  coils  leading  the  current  from  the  brass  post  Q 
were  attached.  The  lower  ends  of  the  pliiiigei-s  were  of  No. 
18  platinum  wire.  The  brass  bottoms  of  the  glass  mercnry 
cups  screwed  into  the  brass  arm  N  which  was  adjustable  by 
means  of  the  collar  and  binding  screw  L  along  the  pillar  P. 
At  P  was  attached  one  pole  of  the  battery  actuating  the  coil 
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and  also  one  pole  of  the  condenser  in  the  base  of  the  coil ;  and 
at  Q  was  attached  one  pole  of  the  coil  and  the  other  pole  of 
the  condenser.  The  cups  were  tilled  with  mercury  to  a  height 
of  8""^  and  then  filled  with  alcohol  to  within  a  few  millimeters 
of  the  top.  They  usually  required  cleaning  only  after  several 
hours'  use,  when  the  surface  of  the  mercury  consisted  of  very 
fine  globules,  and  sharp  breaks  were  not  made  at  each  stroke  of 
the  plunger  as  was  indicated  by  the  occasional  failure  of  its 
spark.  The  character  of  the  spark  depended  much  upon  the 
exact  height  of  the  mercury  cups.  The  adjustment  was  best 
made  while  the  coil  was  in  action  by  raising  or  lowering  the 
cups  until  the  spark  had  a  white  body  and  a  peculiar  snap. 

The  plates  of  the  Hertz  vibrator  were  40*^°  square  and 
fixed  at  6P™  apart.  The  spark  gap  was  supplied  with 
platinum-faced  balls  (3*^  in  diameter)  which  worked  with  less 
trouble  than  the  usual  brass  ones.  The  side  KM  of  the 
secondary  circuit  was  parallel  to  the  conductor  forming  the 
vibrator  plates  and  fixed  at  6*^""  distance  with  its  center  0 
opposite  the  spark  gap.  The  long  sides  of  the  rectangular 
secondary  lay  in  a  horizontal  plane  and  ran  through  the  center 
of  the  room  at  a  height  of  1*6'°  above  the  floor.  They  were 
held  by  their  end  supports  at  30*^"  apart.  The  induction  coil 
was  53*"  long,  19*^"  in  diameter,  and  was  excited  by  the 
current  from  five  storage  cells.  A  sparking  distance  of  about 
j^mm  ^jg  ixiost  effective  m  producing  oscillations  in  the  second- 
ary circuit.  The  following  method  was  pursued  in  taking  the 
observations.  The  interruptor  was  set  in  action,  the  circuit 
closed  through  the  induction  coil  and  an  observation  taken 
of  the  firet  swing  of  the  needle.  The  circuits  were  broken  as 
soon  as  the  needle  reached  the  end  of  its  first  swing,  and  the 
extent  of  this  excursion  was  the  reading  recorded.  In  accord- 
ance with  the  experience  of  Paalzow  and  Rubens,  it  was  found 
that  a  steady  deflection  could  not  be  obtained,  but  this  first 
swing  was,  under  like  conditions,  satisfactorily  constant,  and 
a  preliminary  calibration  of  the  instrument  by  passing  currents 
of  known  strength  through  it  showed  that  the  square  root  of 
the  deflection  taken  in  this  manner  was  in  a  constant  ratio  to 
the  current. 

The  same  copper  wire  (diameter  0*1201'^'")  that  Jiad  been 
used  in  the  secondary  without  end  capacities  was  used  for  the 
rectangle  KLMN  in  fig.  2/i,  and  with  the  exploring  terminals 
close  to  L  and  N,  the  maximum  point  was  found  by  lengthen- 
ing and  shortening  the  wire.  Bolometer  readings  were  taken 
for  each  length  used.  To  assure  the  constant  activity  of  the 
spark,  a  convenient  length  was  taken  as  a  point  of  reference, 
and  observations  taken  at  this  point  before  and  after  a  series 
of  readings.    If  the  spark  had  remained  constant  the  readings 
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were  retained.  A  maximum  point  was  found  when  KL  was 
818™,  The  sides  were  iixud  iit  this  length,  aud  the  form  of 
the  wave  wae  obtained  by  sliding  the  exploring  terminals 
along  the  wire,  and  taking  1>olonietQi'  observations  for  eaeli 
position.  The  result  is  shown  in  fig.  3,  of  the  plate.  The 
critical  points  were  determined  several  timea,  and  the  steadi- 
ness of  the  spark  asenred  by  choosing,  as  before,  a  point  of 
reference.  The  cnrve  shows  three  minima  at  240,  49*!,  and 
753™,  starting  from  0  these  give  half  wave  lengths  of  255, 
256,  and  25K™,  with  an  average  of  255'6'™'.  The  third  raini- 
limm  at  752™  was  determined  with  care,  as  it  was  to  be  nsed 
as  a  basis  for  calculating  the  half  wave  length.  An  error  in 
determining  the  position  of  this  minimam  wonid  be  divided 
by  three,  since  the  distance  from  0  to  this  minimum  was  three 
half  wave  lengths.  The  total  length  of  the  circuit  was  seven 
half  wave  lengths,  and  it  was  the  equivalent  of  one-foarth  of 
a  wave  length  from  the  third  minimnm  to  the  end.  The 
actual  distance  to  the  end  was  818-752=66™.  127-8-fi6= 
61-8™=  the  equivalent  of  the  capacities  in  centimeters  of  wire. 

A  comparison  of  the  curve  (fig.  1,  of  plate)  obtained  from 
the  plain  wire  circuit  with  the  curve  (fig.  i,  of  plate)  obtained 
when  capacities  were  fixed  on  the  fi-ee  ends  shows  a  quite 
satisfactory  agreement,  which  tends  to  create  confidence  ia 
both  methods.  The  half  wave  length  by  the  first  is  3M'3*", 
and  by  the  second  it  is  255'6,  values  which  differ  by  about 
one-liiilf  of  one  pnr  cent,  Tlii're  is  a  marked  difference,  as 
was  to  be  expected,  in  the  form  of  the  curve  next  the  free 
ends.  When  end  capacities  were  used,  the  accumulation  of 
charge  seemed  largely  confined  to  them  out  of  reach  of  tlie 
exploring  terminals,  while  with  the  plain  wire  it  seemed 
distributed  over  a  greater  distance.  In  each  case  the  effect  of 
the  ends  was  to  mate  the  curve  depart  from  the  normal  form 
along  the  free  wire. 

The  theory  of  my  investigations  rests  upon  the  principle  of 
electrical  resonance.  The  sides  of  the  rectangle  KLMX 
(fig.  2«)  were  shortened  to  a  few  centimeters  in  length,  so 
that  it  could  be  safely  assumed  that  the  period  of  the  secondary 
was  considerably  shorter  than  that  of  the  vibrator.  The 
exploring  terminals  were  kepi  at  LN  and  bolometer  observa- 
tions taken  for. each  smalt  addition  to  the  length  of  the  sides 
KL  and  MN.  When  best  resonance  was  found  with  the 
shortest  length  of  the  secondary  circuit  that  gave  a  maximum. 
it  wqs  assumed  that  the  secondary  had  the  same  period  as  tlie 
vibrator,  and  that  its  equivalent  leugth  was  a  half  wave  length, 
its  actual  length  depending  upon  the  effect  due  to  the  free 
ends.  The  occurrence  of  resonance  is  a  very  marked  phe- 
nomenon even  with  a  vibrator  that  damps  as  rapidly  as  the 
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Hertzian,      The  accompanying    table    shows    two   series   of 
readings  for  the  first  maximam  when  an  iron  wire  was  used. 

Length  of  Bides  of  rectangle,  15     25     35    40       42*5    45        60  60  75 

Deflections  of  galvanometer,  107  145   156  194-3  1992   181*5   140  81  42 

"  94  119  161   185      191       178      136  76  34 

There  can  be  no  free  motion  of  electricity  at  the  ends  of 
the  secondary  circuit,  but  an  accumulation  alternately  positive 
aud  negative,  and  a  resulting  alternation  of  potential,  the 
phase  at  L  being  always  opposite  to  the  phase  at  N  in  case  of 
resonance.  Elsewhere  along  the  circuit  the  electricity  moves 
with  more  freedom  and  less  accumulation.  The  point  0  may  be 
called  the  electrical  middle  of  the  circuit  where  the  accumula- 
tion is  least  and  the  movement  more  unrestrained.  The 
electro-motive  impulses  from  the  vibrator  act  directly  upon 
the  side  KM  so  tnat  0  remains  a  point  of  free  motion  or  the 
ventral  segment  of  the  wave,  while  L  and  N  are  always  places 
of  no  electric  movement,  or  the  nodal  points.  The  shortest 
circuit  being  a  half  wave  length,  a  second  resonating  circuit 
OQg^bt  to  be  found  by  increasing  each  side  of  the  rectangle  by 
a  half  wave  length,  making  the  circuit  3  half  wave  lengths 
lon^,  and  a  third  when  the  circuit  is  5  half  lengths  and  so  on.^ 
It  18  known  that  the  change  of  period  produced  by  replacing 
copper  by  iron  does  not  exceed  two  per  cent.  The  difference 
in  fength  between  a  copper  and  an  iron  circuit  of  the  same 
period  would  be  very  small  with  circuits  a  half  wave  length 
long;  but  this  difference  would  be  3  times  as  great  with 
circnits  3  half  wave  lengths  long,  and  there  might  be  a 
caoinlative  difference  that  would  become  measurable  by  the 
use  of  circuits  of  still  greater  length.  To  examine  this  ques- 
tion, a  copper  wire  (diameter  0*1201*^)  was  used  as  the  second- 
ary circuit  in  fig.  2a.  The  sides  were  taken  15*^"*  long  and 
gradually  lengthened  to  875*^%  and  bolometer  readings  taken 
For  each  addition,  the  exploring  terminals  being  always  at  the 
ends  L  and  IS.  The  result  is  shown  graphically  by  the  upper 
curve  in  fig.  4,  of  the  plate.  The  critical  points  in  the  curve 
are  the  results  of  many  separate  determinations.  The  un- 
steadiness of  the  spark  in  the  vibrator  made  the  determina- 
tions somewhat  laborious,  though  a  single  series  of  observations 
would  locate  a  maximum  very  closely.  After  this  had  been 
done,  the  space  of  aboat  a  meter  including  the  maximum 
point  was  worked  over  forward  and  back ;  the  constancy-  of 
the  spark  was  assured  by  choosing  a  convenient  point  of 
reference  as  already  described. 

An  examination  of  the  curve  shows  four  maxima  occurring 
when  the  sides  of  the  rectangle  were  45,  306,  662*5  and  818*^™ 

*  J.  J.  ThompsoD,  Recent  Beaearchos  in  Electricity  and  Magnetism,  p.  297. 
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long.  The  additionfi  of  wii-e  for  the  successive  maxima  after 
the  tirat  were  3fil,  25ti-5  and  255-5.  Those  should  W  half 
wave  lengths.  The  liist  two  agree  well,  but  the  first  diffeis 
from  the  average  of  the  last  two  (256™)  bj  5°°.  The  sides 
were  fixed  at  81^™,  and  the  wave  form  tig.  3,  of  plate  was 
obtained,  from  this  the  half  wave  length  was  found  to  be 
255-6"',  and  the  total  length  of  the  circuit  7  half  wave  lenj^ths. 
By  fixing  the  sides  of  the  rectangle  at  562'5'™  and  306™  a 
Bimilar  investigation  showed  the  cireiiite  to  be  respectively 
5  and  3  half  wave  lengths  long. 

An  explanation  of  the  fact  that  the  distance  between  the 
first  and  second  maxima  was  anomalously  large  may  possibly 
be  this:  for  the  first  maximnm  the  sides  of  the  rectangle  were 
but  45™  !oug,  80  that  the  effect  of  the  closed  end  was  relatively 
great  and  the  maximum  appeared  earlier  than  it  otherwise 
would,  but  when  the  rectangle  was  300™  long,  the  influence 
of  the  closed  end  became  relatively  small,  and  the  second  and 
future  maxima  came  in  the  normal  positions.  Besides  in  the 
first  case  the  capacity  was  lar^ly  local,  while  in  the  others  it 
was  mainly  distributive.  This  same  effect  appeared  in  every 
case  and  seemed  a  constant  phenomenon. 

The  maximum  I  omitted  from  the  above  discussion  was  not 
constantly  present,  bnt  appeared  when  the  primary  spark  was 
especially  active,  and  seems  to  belong  to  a  circuit  whose  pericKl 
is  to  the  period  of  the  vibrator  in  the  ratio  of  3  : 3.  The 
sides  of  the  rectangle  were  127"5™  long,  and  the  end  capacities 
equivalent  to  62™  of  wire.  The  baJf  wave  length  was  30+ 
127-5X2+62x2=409™.  409+255-6=l-6  nearly.  This  was 
the  only  indication  observed  of  the  complexity  in  the  vibra- 
tion of  the  oscillator.  It  appears  that  when  the  oscillation  is 
particularly  active  it  can  excite  a  circuit  having  this  ratio  to 
itself,  or  that  the  vibration  is  not  a  simple  one.  Sufficient 
time  was  not  at  my  disposal  to  decide  this  point  which  is  left 
for  future  investigation. 

An  annealed  iron  wire  (diameter  0'1186™)  was  put  in 
place  of  the  copper  and  the  same  series  of  ohservatioDS  re- 
peated. The  results  are  shown  in  the  lower  curve  of  the  upper 
pair  in  tig,  4  of  tiie  plate.  The  maxiuia  E,  F,  G,  H,  appear  at 
42-5,  301,  553  and  805™:  in  each  case  before  the  correspond- 
ing maxima  with  the  copper,  and  the  difference  is  seen  to  in- 
crease with  the  length  of  the  circuits.  The  successive  additions 
were  253'5,  252,  and  282™.  The  last  two  agreeing,  but  the 
first  as  with  the  copper  is  much  larger.  With  the  sides  of  the 
rectangle  fixed  at  805™,  the  form  of  tlie  wave  was  found  as 
shown  in  fig.  2  'of  the  plate.  The  third  minima  occurs  at 
740™.  Calculated  as  before  the  half  wave  length  is  740+15 
=  756,   755+3=251-6™.      This  agrees   well   with    the  vaine 
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252  given  above  by  the  last  two  additions,  but  differs  by  4*^°" 
from  the  value  found  when  the  copper  was  used. 

The  same  series  of  observations  was  repeated  with  a  second 
pair  of  finer  wires,  diameter  of  copper  wire  O'DTSBG*^™,  diam- 
eter of  iron  wire  0*0785*^™.  The  results  are  shown  in  the 
lower  pair  of  curves  in  fig.  4  of  the  plate.  A  comparison  of 
the  curves  shows  the  same  general  result  which  appears  more 
distinctly  from  the  following  table  : 

lat  Maxima  2d  Maxima.  3d  Maxima.  4th  Maxim. 

Cu.     Fc.  Difference.  Cu.     Fe.  Difference.  Cu.      Fe.  Difference.  Cu.    Fe.  Diff. 

Upper  pair  45  42*5   25   306  301   5    562  5  553   9*5   818  805  13 

Lower  pair  40  3V5   2  5   300  294   6    552   540  12    799  784  15 

The  successive  differences  should  be  in  the  ratio  of  1,  3,  5,  Y  if 
the  theory  of  the  present  investigation  is  correct.  The  differ- 
ences for  the  first  two  maxima  are  very  small,  so  that  the  ex- 
perimental error  in  their  determination  would  be  relatively 
large,  and  in  the  case  of  the  fourth  maximum  the  damping  was 
so  great  that  it  was  difficult  to  fix  the  point  with  certainty. 
The  difference  for  the  third  maximum  was  relatively  large  and 
the  determination  of  the  point  was  sharp.  Taking  this  differ- 
ence as  a  point  of  reference,  the  calculated  and  observed  values 
are  shown  in  the  accompanying  table : 

l8t  Maxima.  2d  Maxima.         Sd  Maxima.  4tb  Maxima. 

CalCQ-         Ob-        Galea-       Ob-      Calcn-        Ob-  Calcu-  Ob- 

lated.      serred.     lated.    served,   lated.     •erred.        lated.       lerred. 

Upper  pair         1*9  2*5  57  5  9*5  95  13  3  13 

Lower  pair        2-4  25  72  6        12  12  16*8  15 

The  observed  half  wave  lengths  for  the  four  series  are : 

S  Copper  (diameter  0-  1201<^'»)  255-6^"» 
\  Iron       (diameter  0*  1186     )  251*6 
j  Copper  (diameter  0-07836     )  251-6 
(  Iron       (diameter  0-07850     )  246-8 

The  wires  in  each  pair  were  as  near  the  same  diameter  as  could 
be  found,  the  iron  of  the  larger  pair  having  slightly  the  smaller 
diameter,  but  the  copper  being  the  smaller  one  in  the  second 
case.  In  other  respects  the  circuits  compared  were  as  nearly 
identical  as  possible.  The  capacity  per  unit  length  being  the 
same  for  wires  of  the  same  diameter,  the  shortening  oi  the 
wave  length  when  iron  displaced  copper  must  be  caused  by  an 
increased  self-induction  due  to  the  magnetic  properties  of  the 
iron.  This  implies  that  the  magnetization  of  iron  can  be 
reversed  115  million  times  per  second.  This  reduces  the  "  time 
lug"  of  magnetization  to  very  narrow  limits,  if  forces  of  such 
duration  can  magnetize  the  iron. 

In  the  case  of  extremely  rapid  oscillations  Prof.  J.  J.  Thomp- 
son has  shown  (Recent  Researches  in  Electricity  and  Magnet- 


!.  Jnim —  Wixve  Ifiigtlig  of  Electricitij  oh  Iron  Wirt 


^ 


L 


ism,  §295)  that  ai>pit)ximatelj  !/^  =  fi/-,r  where  -^  is  the  ('fjuara 

of  the  freqneocy,  and  L'  is  the  self-iiidnction  for  very  rapid 
OEcillatioiiB,  and  C  the  capacity  of  the  syetem.  It  ie  easy  from 
this  to  calculate  an  approximate  value  for  the  ratio  between 
the  self-induction  per  unit  length  of  the  iron  and  copper  cir- 
ciite. 

Let  L  =  the  aelf-io  due  lion  of  the  copper  per  unit  length. 
Let  L'  ^  the     "         "  "         iron  "  " 

Let  C  =  llie  capacity  of  cither  per  unit  length. 

Usin^  as  a  basts  of  calcnlation  the  data  from  the  third  maxi- 
mum ot  the  curves  in  fig.  4  of  the  plate,  the  total  length  of  the 
copper  circuit  (diameter  0'1301"")  is: 


The  Bides, 562-5x2=  1125™ 

The  closed  ond, =      30 

The  eqnivftlent  of  the  end  capacities,      62X3=    124 

1279 

For  the  iron  (diameter  0-1186™)  the  length  is: 

The  Bid ea, 553X2=1106"°' 

The  closed  end, =      30 

The  eqnivalent  of  the  end  capacities,     62X2  =     122 

1258 


Since  the  two  circuits  have  the  same  frequency  the  products 
of  the  self-induction  and  capacity  are  equal. 


1258'  L'  C  =  1270'  LC 
/  =  1-034 


In  the  same  manner  for 

I  Copper  (diameter  0-08840'^"')  L'_    .,, 
'(Iron        (diameter  0-08847     )l~ 

:  1-043 


1  Copper  (diameter  0'07836     )  L'. 
'(  Iron        (diameter  O-0"85O     )  l' 


By  the  use  of  Lord  Kayleigli's  formula  for  inductance  under 
very  rapid  oscillations,  it  is  easy  now  to  calculate  a  value  for 
the  permeability  of  the  iron. 

Lord  Eayleigh's  formula  is 
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irhere  L  is  the  total  length  of  circuit ;  A  a  conetant  depending 
ml^  on  the  form  of  the  ciicnit,  or  ^  A  is  the  inductance  of  a 
^^ — W  copper  circuit ;  ft  the  permeability  ;  R  the  ohmic  resist- 
b;  p=^7in  where  n  is  the  number  of  complete  oscillations 
second. 
'  The  value  of  ^=2-H  =  36xlO' 

R  for  iron  wii-e  (diameter  0*  1188™)='1328  ohms  per  meter. 
"  "       "  "         0-08847     =   -227      "         " 

«  "       "  "         0-  0785      =   -301       "         " 


For  iron  (diameter  0-1186™) 

-A  \   4.*/ 

■Zph 


1-034  L  =  4aV^2) 


■034  L=/i/''^, 

CalcnlatiDg  the  value  of  L  for  a  similar  copper  circuit  I  units 
og,  substituting  the  value  in  the  above  equation,  and  solving 
It  the  three  cases  we  get 

For  the  iron  wire,  diameter  0-  1186"',  ;i=430 
"  "  "  0-0884"      /<=389 

"  "  "  0-  0785      ;i=336 

These  values  for  the  permeability  all  fall  within  a  reasonable 
Umit  and  have  for  an  average  //  =  385,  These  are  the  values 
DUnd  for  different  specimens  of  wire  made  by  the  same  com- 
pany, but  the  specimens  were  wound  and  unwound  and 
ttretcfaed  many  times  during  the  series  of  observations. 

Besides  the  shortening  of  the  wave  length  there  is  shown  a 
decided  increase  in  the  damping  as  has  already  been  observed 
by  Tiowbridge  and  Bjerknes.  In  fig.  4  of  the  plate  the  curves 
for  iron  fall  below  the  corresponding  ones  for  copper,  but 
owing  to  the  change  in  t!ie  activity  of  the  spark  no  exact 
BWRBarement  was  made.  It  was  only  observed  tnat  the  bolom- 
eter throws  witli  the  copper  circuit  were  always  greater  than 
with  the  iron  cin.-uit  of  the  same  dimensions,  when  the  spark 
was  constant  iu-;  f;ir  ;«  the  eye  and  the  ear  could  judge. 

A  value  can  readily  be  calculated  for  the  damping  factor 

t  ^'  in   Uie  case  of  the  iron  and    copper.      Lord  Rayleigh's 
formula  for  the  refeistance  under  very  rapid  oscillations  is : — 

■  'Ax.  Jooa.  3oi.— Third  Sehibs,  Vol.  XLVIII,  Ko.  286.— Octobbb,  lH9t 


For  the  iron  wire  circuit  (diameter  0-118B"")  if=1258; 
M  =  430;  R=lC.7xI0";  p  =  8tixiO'  whence  K' =  403x10". 
L=  34x10". 

The  damping  factor  becomes  e"^  " '"''  approxi mutely- 

The  time  required  for  the  amplitude  to  fall  to  one  half  its 
maximum  value  is  (  =  0-000,000.115  sec.  On  the  basis  of 
115x10*  alternations  per  second,  the  number  of  complete  oscil- 
lations daring  this  time  is  6'5.  A  like  calculation  for  the  cor- 
reepondinp  copper  circuit  gives  about  60  times  as  many. 

The  following  table  shows  the  results  when  copper  circuits 
are  compared  in  which  wirea  of  diflferent  diameters  are  used. 

Coppur  wire  (diameter  0-  1201™)  582-5*™ 
"  "  "  0-   088-1     )  5535 

"  "         0-07836     )  fioa-o 

"  "  0'03(tl6     )  634-0 

The  half  wave  lengths  calculated  from  this  maximum  are: 

Copper  (0-01301™)  255-8™ 

"    (0-  0884  )  262-2 

"   (0-07fi.16  J  251-6 

(O'O.ISIB  )  244-8 


^  These  are  found  by  dividing  the  total  length  of  the  circuit 
by  ». 

-i:i5X2  =  107n  length  of  sides. 

30  "     closed  end. 

62x2=   124  equivalent  of  end  capacities. 

1224 
12->4-^5=244-8""=half  wave  length. 

The  range  of  wirea  suitable  for  the  study  of  the  phenomena 
is  ratber  limited.  If  tbe  wires  have  a  greater  diameter  than 
1"""  the  difEerence  between  iron  and  copper  is  slight;  while 
with  wires  less  than  05"""  in  diameter  the  damping  is  so  great 
that  long  wires  cannot  be  used,  and  the  advantage  cannot  be 
taken  of  tbe  cumulative  effect. 

1  wiah  to  express  my  great  obligations  to  Professor  John 
Ti-owbridge  for  the  encouragement  and  suggestions  that  I  have 
received  from  him. 

Vonclnsions. 
1.  The  self-induction  of  iron  circuits  is  greater  than  that  of 
similar  copper  circuits  under  very  rapid  electric  oscillations 
(115x10*  reversals  per  second).  The  change  in  self-induction 
varies  from  34  to  iS  per  cent  in  the  present  investigation  and 
increases  with  decreasing  diameters. 
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2.  The  increase  in  self -ind action  produces  greater  damping 
and  a  shortening  of  the  wave  length  of  1*5  to  2  per  cent. 

3.  The  permeability  fi  of  annealed  iron  wires  under  this  rate 
of  alternation  is  about  385. 

4.  For  oscillations  of  the  same  period,  the  wave  length  along 
parallel  copper  wires  varies  directly  with  the  diameter  of  the 
wires.  Range  of  wires  used  0-03915<^"  to  0-1201^.  The  max- 
imum decrease  observed  is  5  per  cent. 

Jefferson  Physical  Laboratory,  July  24,  1894. 


Art.  XLVI. — On  the  Age  of  the  Manganese  beds  of  the  Bates- 
ville  JRegion  of  Arkansas ;  by  Henry  S.  Williams. 

The  following  quotations  from  his  admirable  monograph  on 
Manganese*  represent  the  chief  points  of  Dr.  Penrose's  inter- 
pretation of  the  origin  and  age  of  the  Batesville  manganese 
ores. 

The  Batesville  ores  were  precipitated,  from  surface  waters 
draining  southward  from  the  Archaean  region  of  Missouri.  The 
area  of  precipitation  was  originally  a  region  of  comparatively 
quiet  water  bounded  on  either  side  by  rapidly  flowing  cur- 
i-ents ;  this  condition  allowed  the  excessive  accumulation  of  marine 
sediments  and  caused  a  greater  thickness  of  the  St.  Clair  lime- 
stone than  to  the  east  or  west ;  the  detritus  from  the  land  was 
carried  down  and  mixed  with  the  calcareous  materials,  the  grad- 
ual accumulation  of  these  mixed  sediments  caused  shoals  and 
then  created  lagoons  and  swamps  into  which  the  surface  waters 
from  the  land  emptied,  and  by  a  process  of  oxidation  and  evapo- 
ration deposited  the  metaliferous  matter  that  they  carried  in  solu- 
tion.    (1.  c,  p.  595.) 

The  process  of  formation  of  the  manganese  deposits  as  they 
now  exist  is  supposed  by  him  to  have  been  by  the  decay,  in 
situ,  of  the  St.  Glair  limestone. 

The  deposits  of  manganese  ore  in  the  Batesville  region  that 
can  be  proJUably  worked  are  not  found  in  place  in  the  limestone. 
[The  Cason  property  excepted]  ...  it  is  only  when  the  limestone 
or  ^gray  rock,"  as  it  is  commonly  called,  has  been  decayed,  the 
carbonate  of  lime  carried  off  in  solution,  and  the  masses  of  ore 
with  the  residual  clay  thus  set  free  and  concentrated,  that  profit- 
able mining  can  be  done.  This  decay  has  taken  place  on  an  im- 
mense scale,  and  all  the  deposits  that  are  being  worked,  and  all 
that  have  been  worked  in  the  past,  with  the  exception  of  the 
Cason  mine,  represent  such  products  of  decay.     (1.  c,  p.  174.) 

*Aim.  Rept.  of  Gkol.  Surv.  of  Arkansas  for   1800,  vol.  i.     Manganese :    its 
Q8C8,  ores  and  deposits,  by  R.  A.  F.  Penrose,  Jr.,  Ph.D. 
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The  age  of  the  St.  Clair  limeatone  is  deBcrilied  as  interrae- 
cliate  between  the  Trisnton  and  Niagara,  based  upon  the  dete> 
niination  of  fossils  made  by  nie.  Beferring  to  theee  ideiitiU- 
outioiifi  Dr.  Penrose  eajs  : 

FoHsila  collected  on  Polk  Bayou  four  mileB  north  of  Bateaville 
have  been  determined  by  him  au  undoubted  Trenton  formo,  while 
fossils  from  Si.  Clair  Springo,  utghi  miles  northeast  of  Baiesville, 
and  from  elsewhere  in  ihe  country  to  the  west,  81*6  considered  by 
him  to  be  intermediate  between  those  of  Trenton  and  Niagara. 
(U-.,  ,,.  IN). 

Tliis  quotation  indicates  the  part  I  had  contributed,  at  the 
time  the  Rc^rt  was  written,  toward  determining  the  age  of 
the  deposits  in  question. 

I  differed  with  Dr.  Penrose  and  the  geologists  of  the  Arkan- 
sas Survey  in  holding  the  opinion  that  two  distinct  limestonee 
were  confused  under  the  name  St.  Clair  limestone. 

Since  the  year  1890  I  have  had  considerable  correspondence 
with  the  director  of  the  survey  Dr.  Branner,  and  with  Dr.  Pen- 
rose regarding  this  perplexing  question  ;  and  abont  a  year  ago 
in  order  to  make  certain  that  the  collections  were  from  typical 
localities  Mr.  T.  C,  Hopkins,  who  was  still  in  Arkane^s,  col- 
lected for  us  a  set  of  test  samples  from  some  of  the  mines  par- 
ticularly described  in  the  Keuort.  These  I  examined,  and  was 
able  as  the  result  of  a  preliminary  study  to  report  about  a  year 
agn  thiit  iill  <A  the  limestone  smnpli's  from  below  the  manga- 
nese beds  were  of  Trenton  age  or  older ;  and  that  all  the  lime- 
stone described  as  St.  Clair,  bat  lying  above  the  Manganese 
beds,  was  of  the  age  of  the  Clinton-Niagam  formation ;  and 
that  in  neither  limestone  was  there  confusion  of  the  two 
faunas.  Mr.  Hopkins  referred  to  this  decision  in  his  Report 
on  Marbles,*  and  other  references  have  been  made  to  my  inter- 
pretation, but  I  have  not,  hitherto,  published  the  evidence 
upon  which  it  was  based. 

I  have  recently  re-examined  the  whole  evidence  with  the 
hope  of  making  a  more  exact  determination  of  the  case,  and 
have  succeeded  to  the  following  ex  tent. 

1.  The  highest  formation  underlying  the  Batesville  manga- 
nese beds  is  a  limestone  containing  a  fauna  of  neoiirdovician 
age,  about  equivalent  to  that  of  the  Nashville  grouji  of  Ten- 
nessee or  the  Cincinnati  group  of  Ohio.  This  is  the  lower  part 
of  the  St.  Vlair  limestone  of  Penrose  and  may  well  retain  the 
name, 

2.  The  formation  immediately  overlying  the  manganese  bed, 
where  the  rocks  are  in  their  onginal  position,  contains  a  fauna 
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of  distinct  eoaiinrJan  &ge  (about  equivalent  to  the  Waldron 
fauna  of  Indiana  and  the  Clinton-Niagara  fauna  of  New 
York),  Thia  formation  has  been  heretofore  confused  with  the 
St.  Olair  limestone  of  Penrose,  but  ae  it  is  of  different  geologi- 
cal age  it  may  appropriately  receive  a  distirict  name.  I  pro- 
pose for  it  the  name  Oaaon  limestone,  in  recognition  of  the 
fact  that  the  two  limcBtonee  may  be  clearly  distinguished  on 
the  Cason  tract  ae  described  in  the  Manganese  Report  of  Dr. 
Penrose.* 

The  samples  of  ore  from  the  Cason  mine  are  in  a  calcareous 
shale  immediately  underlying  the  Cason  limestone  and  are  of 
special  interest  because  of  the  evidence  that  the  deposit  is  in 
its  original  position  and  condition.  Not  only  is  there  no  indi- 
cation of  decay  of  the  rock  but  the  concretions  found  in  the 
rock  are  flattened  and  their  long  axes  now  lie  in  tlie  plane 
of  the  strattflcation.  In  the  section  of  the  O'Flinn  mine  the 
ore  appears  also  to  be  in  its  original  position  between  the  two 
limestones. 

The  following  figure  will  illustrate  the  facts  as  they  are  here 
explained  and  the  way  in  which  they  contrast  with  the  inter- 
pretation given  in  the  Manganese  Report  of  Dr.  Penrose. 


8)1,1    Boooe  cbett. 


Casou  Umeatoiie. 
SIC  Bt.  Clair  limestone 


Iznrd  limetitone. 

The  Izard  limestone  (A)  is  probably  correct  as  it  stands  in  the 
Eeporte,  Over  the  Izard  limestone  lies  the  St.Clair  limestone. 
As  descrihed  in  the  Annual  Reports  up' to  1890,  the  St.  Clair 
limestone  includes  all  the  strata  between  the  Izard  below,  and 
the  Boone  chert  of  the  east,  or,  further  westward,  the  Syla- 
more  sandstone,  or,  iu  the  western  part  of  the  State  the 
Eureka  shale,  above. 

According  to  the  interpretation  required  hy  the  fossil  faunas 
thia  "St,  Clair  limestone"  must  be  separated  into  three  forma- 
tions. The  lowest  division  (B)  is  that  part  of  the  St.  Clair 
limeetone  of  the  Reports  lying  below  the  manganese  horizon. 
*Ann.  Kept.  Ark.,  1890,  vol.  i,  MaogSQese,  p.  Hi,  etc. 
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The  name  St.  Clair  limestone  can  be  retained  for  only  this 
lower  part  Ijing  below  the  manganese  deposit.  When  1  made 
the  identification  referred  to  in  the  Eeport  it  wae  not  clear  (o 
any  of  hb  what  different  relations  the  nianganese  deposite  bore 
to  the  two  limestones  which  I  interpreted  by  these  foseilg  to  be 
of  different  age.  The  reference  made  to  the  identitication  of 
the  upper  liineBtone  aB  "intermediate  between  Trenton  and 
Niagara  "  waa  based  tipon  the  judgment  as  to  the  age  of  a  single 
species, — SpiHftr  i-adiatus  ouw.,  var.  near  that  oescribed  by 
Hall  from  the  Clinton  group  near  Louisville,  Ky,*  Compan- 
Bou  of  the  specimens  with  it  and  with  typical  forme  from  the 
Kiagara  euggeeted  that  the  Arkansas  form  was  of  a  still  earlier 
horizon  than  that  of  the  epeciuicns  from  Kentucky, 

S.  Later  studies  have  conclusively  shown  that,  in  all  the 
cases  described  of  which  I  can  get  any  information,  the  man^- 
nese  beds  lie  either  upon  this  restricted  St.  Clair  limestone,  m 
hollows  in  it,  or  in  hollows  in  the  underlying  Izard  limestone. 
I  have  seen  no  specimens  of  this  limestone  containing  manga- 
nese in  which  there  is  not  indication  of  the  manganese  having 
been  deposited  in  cracks  or  cavities  or  on  the  surface  of  fossils 
after  the  limestone  was  formed. 

4,  The  second  division  (C),  which  I  have  named  the  Cason 
shale,  lies  immediately  upon  this  St.  Clair  limestone  or  some 
lower  rock,  and  at  the  C&eoti  mine  it  is  a  stratified  ehaly  calcare- 
ous deposit  with  concretionary  niaGses  of  the  manganese  in  the 
rock,  rtattencd  in  the  plane  of  the  stratification  as  above  stated, 
and  undoii!itf(ily  in  place  ;is  originally  deposited.  Tliert'  are 
also,  according  to  Dr.  Wolff,  rounded  and  angular  fragments 
of  quartz,  feldspar  and  mica  in  this  shale.  (1.  c,  p.  170.)  In 
the  more  calcareous  layers  a  few  minute  fossils  have  been  de- 
tected, indicating  the  beginning  of  the  fauna  of  the  overlying 
limestone.  The  same  fauna  is  found  in  samples  from  the 
O'Flinn  mine.  These  two  mines  are  the  exceptional  cases  in 
which  Dr.  Penrose  finds  the  ore  in  place.  The  position,  con- 
dition and  fossils  of  this  Cason  shale  are  evidence  that  the 
original  accumulation  of  the  manganese-bearingore  was  made  at 
an  age  later  than  that  of  the  formation  of  the  St.  Clair  limestone, 

5.  Above  the  Cason  shale,  at  the  typical  locality  on  the 
Cason  tract  is  seen  in  place  a  hundred  or  a  hundred  and  ten 
feet  of  limestone  capped  above  by  the  chert ;  and  "  the  ore-bear- 
ing stratum  runs  under  the  limestone"  as  described  by  Dr. 
Penrose.+  This  limestone,  which  I  have  called  the  Vafoii 
limestone,  contains  the  pure  eosilurian  fauna,  equivalent  to 
the  Watdron  fauna  of  Indiana,  or  to  the  Clinton-NiaMra 
fauna  of  Xew  York,  as  shown   by  specimens  collected  by  Mr. 
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Hopkins  from  immediately  above  the  manganese  deposit  and 
from  about  one  hundred  feet  above.  The  fauna  of  this  lime- 
stone is  now  being  studied.  Over  seventy  species  have  already 
been  detected ;  over  twenty  species  are  identical  with  Waldron 
species.  Among  the  rare  forms  may  be  mentioned  Streptis 
grayij  which  h^s  not,  so  far  as  I  can  learn,  been  hitherto  re- 
ported from  American  rocks. 

6.  From  this  description,  it  will  be  noticed  that  a  line  of  un- 
conformity, or  at  least  an  interval  of  erosion  and  cessation  of 
deposits,  separates  the  top  of  the  St  Clair  limestone  from  the 
base  of  the  Gason  shale. 

This  interpretation  of  the  facts  involves  the  following  revis- 
ion of  the  view  advanced  by  Dr.  Penrose  in  the  Manganese 
Report  already  mentioned. 

The  breaking  up  of  tlj.e  St.  Clair  limestone  of  the  Report 
into  three  members.  (A^  a  lower  limestone  of  neoordovician 
(Trenton)  age  for  which  the  name  St.  Clair  limestone  in  restricted 
sense  may  be  retained ;  ^)C  an  overlying  irregular  shale,  con- 
taining the  deposit  of  manganese,  separated  from  the  former 
by  a  Ime  of  erosion  and  unconformity,  and  of  eosilurianiearly 
Niagara)  age  and  here  named  the  Cason  shale;  and  (t^  an 
upper  meniber,  a  limestone  of  at  least  one  hundred  feet  thick- 
ness in  the  Cason  tract  containing  a  pure  eosilurian  fauna, 
called  the  Cason  limestone.  The  settlement  of  the  age  of  the 
original  manganese  deposits  seems  further  to  require  the 
abandonment  of  the  theory  that  the  present  masses  of  ore  are 
derived  from  decay  of  the  St.  Clair  limestone,  because  the  ore, 
when  found  undisturbed  in  place  as  originally  deposited,  is  not 
only  of  later  age  than  the  St.  Clair  limestone,  but  was  evidently 
formed  after  that  terrane  had  been  elevated  above  the  surface, 
eroded  and  again  depressed,  thus  separating  the  two  by  a  line 
of  unconformity.  The  general  principle  set  forth  in  the  quo- 
tation at  the  opening  of  this  paper  regarding  the  mode  of 
original  accumulation  of  the  magnanese  is  not  questioned, 
but  the  facts  above  cited  give  a  simpler  means  of  explaining 
the  accumulation  in  the  position  where  it  is,  i.  e. :  the  sink- 
ing of  the  terrane  from  a  position  of  elevation  above  sea  level, 
the  accumulations  taking  place  during  the  stage  of  shallow 
waters  and  swamps.  When  the  depression  was  greater  the 
manganese  deposit  ceased  to  appear  in  the  deposits. 

The  close  resemblance  between  Orthis  elegantula^  which 
is  abnndant  in  the  Waldron  fauna,  and  Orthis  testiidinaria  of 
the  Trenton  and  Cincinnati  faunas,  suggests  the  importance  of 
stating  the  reasons  for  the  belief  in  the  ordovician  age  of  the 
lower  limestone  as  seen  at  Polk  Bayou,  the  Trent  mine  and 
the  O'Flinn  mines,  where  it  is  a  pink  or  purple  marble  often 
containing  manganese. 


r 
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At  the  Potk  Bayou  locality  four  collections  are  in  my  hands : 
one  made  by  Dr.  Branrier  marked  (74/18),  BecoQd,  specimens 
collected  by  myself  from  the  same  cliff,  with  Dr.  Branner  and 
Dr.  Penrose  (1235A^,*  third,  a  collection  made  by  Mr.  Weller 
(1235A')  from  the  light  colored  Itincetone  below  A,  and  B' 
from  a  ledi^  of  the  same  color  np  the  creek-  a  quarter  mile, 
and  the  fourth  made  by  Mr.  T,  C.  Hopkins. 

The  purple  marble  (A)  contains  great  numbers  of  the 
Orthig  {Dalmanella)  testudinaria,  which  I  so  identify;  it 
also  resembles  0.  eteganM^i  of  tlie  Niagara.  Davidson  states 
in  his  description  of  O.  eleffantida  that  he  has  found  well  char- 
acterized examples  of  O.  Heganttila  in  rocks  of  both  lower 
and  upper  Silurian  age.t 

It  also  contains  the  following  species : 

RhyiickaufU'A  eapax. 

Lejitit'tta  (Piectonihvuitts)  nericea,  of  llje  typical  lower  Silurian 
type. 

Orthh  {DinortAii)  pecUneUa. 

Strojyhaniena  {Snphitienquinii)  altematit. 

This  is  the  typical  nianganeBe-staincd  liniestoue  called  St, 
Clair  limestone  by  Dr.  Penrose. 

lu  the  lower  beds  not  so  stained,  but  yellowish  white  or 
ocCHaiunally  pinkish,  A'  of  Weller's  section,  are  seen  the  same 
Orthis,  called  0.  teatudinaria,  the  same  type  of  JCfptama, 
called  /.  sericea,  Bhynrkonella  capax,  StropnGmnna  alternata 
and  also  unmistakable  specimen:^  of  Orlfiit  i^l'liilystrnphla) 
hi/orata,  of  the  laticoata  type,  and  other  species  which  taken 
together  leave  no  doubt  as  to  the  Ordovician  (Trenton-Hudson 
Kiver)  type  of  the  fauna. 

In  the  other  limestone  (B  of  Weller's  section),  are  the  speci- 
mens of  RhyticlioneUa  capax  and  what  appears  to  be  the  eye 
and  part  of  the  cheek  of  a  large  Asaphas  giffas. 

This  seems  to  leave  no  question  as  to  tuo  age  of  the  lower 
limestone. 

The  Rhynchonella  of  the  " Rhynchonella  beds"  of  the 
O'Flinn  mine  is  the  H.  capax  in  a  similar  limestone  as  1235A' 
of  the  Polk  Bayou  section. 

The  proof  of  the  age  of  the  upper  limestone  is  found  in  the 
following  species : 

Spirifer  radiatus.  The  type  seen  in  the  Clinton  group  near 
Louisville.  PI.  9,  figsi  17,  Iti,  and  19  of  llie  24th  Regent's  Re- 
port, Albany,  published  first  with  the  27th  Ksport. 

X,  [Plectmiiboniteii)  transversalis  var.  elegatitula  Hall  (see 
Foersle'a  fig.  G.  pi.  17,  vi,  B.  S.  N.  II.  xxiv.) 
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Strophomena  (Leptama)  Dalmanites  limulurus. 

rhomboidalis,  Encrinurus  phlyctainoides. 

Meristina  nitida,  Illcenus  ioxus. 

Cornulites  proprius.  Lichas  breviceps, 

Calt/mene  niagarensis.  Streptis  grayi  and  others. 

The  linking  of  the  manganese  deposit  with  this  fauna  is  by 
the  species  Leptama  {Plectanihonites)  transversalis  of  the  va- 
riety elegantula^  figured  by  Foerste  (see  reference  above) 
and  presenting  also  the  characters  previously  figured  and  de- 
fined by  Davidson,  after  Angelin  as  Leptcena  segmentum  Ang. 
(Brit.  F088.  Brae.  vol.  iii,  PI.  xlviii,  ugs.  28-30.)  This  spe- 
cies is  from  the  Wenlock  and  Dudley.  But  when  we  look  at 
the  specific  peculiarities  we  find  the  same  characters  in  a 
slightly  modified  form  in  the  Leptama  quinquecostata  McCoy, 
of  the  Bala  and  Garadoc.     (See  same  plate,  tigs  23-27.) 

The  association  of  species  in  either  of  our  faunas  is  suffi- 
ciently distinct  to  indicate  a  change  of  faunas  during  the  in- 
terval separating  them,  but  when  we  examine  each  species 
and  note  its  already  recorded  range  we  are  struck  witn  the 
number  of  species  which  have  been  recorded  from  both  lower 
Silurian  (Ordovician)  and  upper  Silurian  rocks.  The  lower 
Llandovery  fauna  of  Europe,  and  the  Clinton  with  us,  have 
referred  to  them  species  which  were  first  seen  in  the  lower 
rocks.  And  the  Anticosti  limestone  is  another  case,  present- 
inff  a  mixture  of  the  species  generally  found  either  at  lower  or 
at  nigher  horizons.  The  study  of  the  fossils  indicates  there- 
fore that  the  manganese  ore  is  (a)  associated  with  deposits  of  a 
particular  age,  {b)  at  an  horizon  which  is  definite  in  the  sec- 
tions examined,  {c)  between  two  limestones  containing  two 
distinct  faunas,  {d\  the  lower  one  of  which  contains  Ordovician 
species  of  which  almost  every  species  has  been  reported  in  rare 
cases,  here  and  there,  in  deposits  which  have  been  called  upper 
Silurian  in  aee.  {e)  On  the  other  hand,  the  fauna  of  the  upper 
limestone,  wnile  it  contains  an  unmistakable  upper  Silurian 
fanna,  contains  a  few  species  which  have  been  reported  from 
lower  Silurian  horizons. 

The  locating  of  the  age  of  the  deposit  of  manganese  near 
to  that  represented  by  the  Clinton  of  New  York  points  to  the 
wide  spread  influence  of  the  disturbance  which  closed  the 
sedimentation  of  the  Ordovician  (lower  Silurian)  for  North 
America.  The  elevation  which  left  the  Cincinnati  axis  above 
sea  level,  affected  the  faunas  of  the  Arkansas  region  less  be- 
cause farther  removed  from  large  masses  of  land,  and  the 
faunas  above  and  below  the  interval  differ  less,  as  may  be  sup- 
posed, because  the  ocean  was  near  at  hand,  not  more  than  a  few 
hundred  miles,  when  the  elevation  was  at  its  extreme. 
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Art.   XLVlI.—TAe   Prevent  Siaiva   of  IUgh   Temperalurt 
Seaearch ;  by  Carl  Barus.     With  Plate  X. 

1.  Prdiminary. — ^Some  time  ago*  I  adduced  reasons  for 
BUpfKksing  that  tne  electromotive  force,  e,  of  a  tliermoconple, 
call  be  exprciBsod  by  an  equatiou  of  the  form 

,  +  e.=  lo"*'+.o'"'-'''" (1) 

where  P,  Q,  P\  Q\  are  constants,  6  denotes  temperature,  and 
where  e  is  zero,  when  6  =  6^  I  wish  now  to  test  tliis  eqnation 
by  the  aid  of  data  formerly  fonndf  in  direct  comparieotis  of 
the  iridioplatinum  thermoconple^  with  the  porcelain  sir  ther- 
mometer, and  therewithal  to  exhibit  the  degree  of  accordance 
of  known  results  in  the  region  of  high  temperature. 

Inasmuch  as  e  most  pass  either  through  a  maKimnm  or  s 
minimum,  Q  and  Q'  mast  have  different  signs;  for  0^,  the 
temperature  of  this  point,  is 

log  (-«;  g)  -  (i-  -  f) 

V-  Q 
when  the  sign  connecting  the  two  terms  in  (1)  is  positive. 

2.  Firnt  extreme  case, — The  simplest  form  which  the  above 
equation  takes  is  the  catenary,  and  it  is  interesting  to  note  in 
what  respect  this  curve  falls  siiurt  nf  reproducing  the  ex]>eri- 
mental  results.  Taking  therefore  the  equation  y  =  k  cos  hyp 
x/ k,  it  is  necessary  to  shift  the  vertex  to  the  position  {—a, 
—  k)  in  order  that  the  cnrve  may  pasa  through  some  fiducial 
point  near  the  origin  ;  or  in  other  words,  that  the  electromotive 
force  may  l>e  zero  when  the  hot  junction  has  tlie  stated  tem- 
perature of  the  cold  junction.  The  equation  then  becomes 
e  +  k  +  k'  =  k  cos  hj'p  (6  +  a)/  k,  where  e  is  the  electromotive 
force  for  the  temperature  0  of  the  hot  junction,  k  the  constant 
of  the  catenary,  and  where  (—  a,  —  k')  are  the  coiirdinates  of 
the  vertex  or  the  position  of  the  thermoelectric  minimum.  In 
the  absence  of  suitable  tables  it  is  then  possible  to  find  the 
constants  involved  by  actually  using  a  chain  in  connection  with 
a  carefully  constructed  aud  mounted  chart  of  results.  For  if 
e  +  k  +  k'  =  !/,  then  the  length  of  the  arc  from  tlie  vertex  to 
the  end  of  the  ordinate  e  is  *  =  ^y'  —  /■' ;  and  therefore  since 
a  and  k'  are  obtained  by  direct  measurement,  k  can  be  computed 
from  tlie  measured  length  «  of  the  arc  or  chain  in  question. 

Constants  so  obtained  are  of  course  approximate  and  they 
must  be  improved  by  successive  trials.    Doing  this  I  found  for 
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be  20ji^  iridioplatiDuni-platinum  couple,  when  electromotive 
orces  are  expressed  in  unite  of  10  microvolts, 

a  =  2160, 
k'  =  986, 
h  =  2560, 

alues  which  may  be  accepted  for  the  time  being,  though  they 
re  by  no  means  the  best  obtainable. 

Above  500**  this  curve  will  then  be  found  in  remarkably 
ood  accord  with  the  observations,  §  4.  Below  SOO**  degrees, 
owever,  the  agreement  is  less  good,  and  the  computed  values 
e  as  much  as  10*^  above  the  observed  values.  Inaeed  to  fully 
xpress  the  case  one  would  have  to  use  a  string  which  grows 
accessively  heavier  per  unit  of  length  towards  the  vertex  ;  i.  e. 
ne  would  have  to  introduce  another  parameter  conformably 
rith  the  occurrence  of  two  metals  in  the  thermo-couple.  It  is 
ifficult  to  reach  this  case  practically. 

Anticipating  §§  5  and  6,  however,  I  may  state  that  the  cate- 
ary  takes  a  mean  course  (above  500°)  between  the  extreme 
nrves  there  given. 

3.  Second  extreme  case. — Waiving  the  symmetrical  method 
f  finding  suitable  constants  in  equation  (i^,  one  may  proceed 
y  a  process  which  is  nearly  the  converse  oi  this,  ana  compute 

,  +  e,  =  10'''-^ (2) 

rst,  and  thereafter  add  the  second  term 

1  accordance  with  the  insufficiencies  of  equation  (2).  This 
lav  be  done  preferably  with  a  table  of  Gaussian  logarithms, 
y  the  aid  of  two  pairs  of  observed  data,  when  the  thermal 
istance  apart  of  each  pair  is  the  same.  For  in  Gauss's  tables 
airs  of  values  of  A  and  B  for  two  numbers  a  and  J,  are  tabu- 
ited  so  that 

B  =  log  a  —  log  6, 


0  -  loi 


A  =  log  (a  —  b)  —  log  b. 

f  therefore  for  four  temperatures  ^,  6\  d„  6\,  where  0  —  0'  ^ 
,  —  d\^  e^  be  eliminated  from  equation  (2),  the  values  B  and 

1  will  take  the  form 

i  =  log  (e  -  O  -  (P+  Qff),  A^  =  log  (e,  -  e\)  -  (P+  Qff,). 
Jut  since  B  =  -ff„  A  =  A^     Hence,  as  is  otherwise  evident, 

C  =  log  ((«-«') /(«,-«',))/(«'-<>'.). 

2  being  given,  B  is  given,  and  therefore  A  can  be  found  from 
he  tables  so  that  P  is  known.  Finally  (?o  may  be  found  from 
be  equation  (2). 
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Having  t'omid  the  constants  of  equation  (2),  the  valaee  of 
the  second  term  of  (1), 

which  now  merely  expresecs  the  ehortcomings  of  (3),  may  be 
foDud  by  the  saine  process.  Bnt  in  this  case  inspection  will 
usually  suffice. 

From  this  point  it  wonld  then  be  desirable  to  proceed  in 
such  a  way  aa  to  give  the  two  terms  of  emiation  (1)  (secoDd 
member)  mdividual  importance  in  their  relation  to  the  two 
metuls  of  the  conple;  bnt  as  my  present  purposes  are  suffi- 
eiently  met  by  the  above  constants  I  will  not  enter  further  into 
the  work  of  finding  characteristic  parameters  for  each  metal. 

+.  Ohegroatioju, — To  test  the  eqnations  given  I  have  made 
use  of  direct  comparisons  of  the  20*  iridioplatinnm  thermo- 
couple and  the  porcelain  air  thermometer  published  in  mr 
Report  on  high  temperature  measnrement.*  and  referring  to  an 
interval  of  temperature  between  alKtut  350°  add  1100°.  Virtu- 
ally the  calibration  is  made  determinate  by  observations  of  tlie 
boiling  point  of  zincf  taken  at  !f30°;  for  although  the  air 
thermometer  is  based  wholly  on  independent  volume  measure- 
ments, and  although  the  boiling  points  of  both  mercury  and 
Bolphur  are  well  reproducod  in  the  lower  part  of  the  curve,  I 
do  not  derive  much  assurance  from  this  without  having  quite 
eliminated  the  stem  error  in  a  way  which  I  hope  soon  tu 
desL'rilx.-. 

A  second  series  of  measurements,  made  more  recently,  is 
contained  in  the  following  table.  Here  the  electi-omoti  ve  force 
«„  in  microvolts,  while  the  cold  junction  is  kept  at  20°  C,  is 
given  for  a  series  of  known  melting  and  boiling  points  due  to 
Regnault  (Hg'  and  S')  to  DevitJe  and  Troost,  (Zn'l,  to  Troost 
(Se'),  to  Viofle  (Zn',  Ag,  Au,  Cu,  Pd,  Pt)  to  LeChatelier  (Al, 
Zn  inferred),  to  Carneiley  and  Williams  (Cd',  Ni,  Se'  inferred). 
Accents  denote  boiling  points.  References  will  be  found  in 
the  Bulletin  cited. 

Substance.     Temperature,      e„.  Substance.     Temperature,      e,,. 

Zinc 4i5°         4260  Mercury..       337°         348e 


AlumtDUin  _     625°         7090  Sulphur...        448° 

Selenium . 


Silver  . 

Gold 1045°       l:i520  'se.en.un. .. -^    ^^3= 

Copper 1054°       13-585                r-^™;  ™     *    "6"°  ant- 

Palladium-      1500°       21430                 Zinc 930°  11105 

Plalin,,,,,..   1775"       24470                Bi.,n„th  .. -j  J^l;;:  ,8.J0! 

Water 100°  680 

■  Barus:  BmU.  Xo.  S4,  U.  S.  T.eolog.  .Survey,  Washington,  1889,  pp.  J26-2!'!- 
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The  platinum  melting  point  merely  refers  to  the  fusion  of 
the  junction  of  the  couple  and  is  not  very  reliable.  Metals 
whose  boiling  points  show  wide  margins,  like  cadmium,  are 
found  by  Camelley's  interpolation  methods.  Troost's  Se'  at 
665°  is  probably  too  low. 

5.  Constants, — Applying  the  methods  of  §  3  to  the  air  ther- 
mometer referred  to  in  the  preceding  paragraph,  the  following 
mean  results  are  available  for  the  computation  : 


B 

=    400*" 

C. 

e 

3950 

microvolts. 

», 

=    600* 

e, 

— 

6560 

ef 

=    800° 

1 

e' 

^■M* 

9310 

»\ 

= 1000° 

e\ 

= 

12200 

and  from  low 

temperature 

work. 

} 

e- 

0 
100 
200 
300 

«,« 

4- 

< 

4 

150 

080 

1650 

2760 

The  constants  corresponding  to  these  values  as  a  whole  are 

(3)  ..«,„  +  46680  =  io*-"»»+  ••'^«»"-^  +  iQ^.B*»-.oo*oiQ 

Applying  the  same  method  to  the  data  given  in  the  above 
table,  the  following  values  are  available  in  addition  to  the  low 
temperature  data  just  mentioned. 

$    =    357°  (Hg')  e    =    3466  microvolts. 

0    =    457°  (near  S')  e    =    4690 

^   =    954°  (Ag)  e^  =11960 

0\  =  1054°  (Cu)  e\  =  13585 

The  constants  deduced  are  then 

(4)  .  .  «ao  +  23376  =  lo*'*"^-"*"""*!?  +  lo'-""*--'"*'*^. 

Both  equations  (3)  and  (4)  are  given  graphically  in  the 
accompanying  chart,  the  former  (the  lower  of  the  two  curves), 
with  all  the  observational  data  inserted.  The  abscissse  are 
temperatures  in  hundreds  of  degrees  centigrade,  and  the  ordin- 
ates  electromotive  forces,  in  thousands  of  microvolt*.  Hori- 
zontal lines  drawn  across  the  curves  show  the  electromotive 
forces  found  by  special  experiments  for  the  divers  melting  and 
boiling  points  of  the  metals  marked  on  the  line,  the  Tatter 
points  being  distinguished  by  accents.  For  points  marked  H 
see  next  paragraph. 

6.  Conclusion. — According  as  the  one  or  the  other  of  these 
curves  is  taken,  the  following  sets  of  values  are  reached.  In- 
terpolations are  made  graphically  with  an  accuracy  of  a  few 
degrees. 


UELTINCi   1-OIKTS.  BOILING    POINTS. 

Substoiicp.     Equation  (4).  l&iiuCion  (»).    Substance.  GquBIiou  (i).   Bqi 

Zinc 420°  420"  Mercury..     357° 

Aluminum.    635°  63^"  Sulphur . . .     446° 

Silver 966°  086"  Selemam . .     087° 

Gold 1048°  IOfi!°  Cadmium  .      770° 

Copper...    1054°  1096°  Zinc 905° 

Kickel 1382°  1476°  Bismuth.  l;J4ti° 

Palladium.  1472'  1585° 

Platinum-.   1614'  1J57° 

Witb  regard  to  preferenccB  in  chooeiiig  between  th 
curves  there  is,  at  present,  little  opportnaity  for  dia 
The  lower  temperatures  are  determined  by  the  meltinj; 
of  silver,  ffold  and  copper,  Gystematicaily  inveetiga 
VioIIe;  while  the  higher  temperatures  are  in  accordan 
the  boiling  point  of  zinc  as  fonnd  bj  Deville  and 
Violle,  Menschtog  and  Meyer,  and  in  a  measiii'e  by 
some  of  the  researches  being  remarkably  elaborate. 
usual  in  such  cases,  the  trutli  is  to  be  souLrht  som 
between  the  extremes;  and  thus  one  finds  in  the  recet 
of  Holborn  and  Wien*  at  the  Reichsanstalt  that  silve 
and  copper  melt  at  970°,  lOS'i"  and  1070°  reepectively 
temperatures  16°,  25°  and  28°  higher  than  given  by 
These  points  are  indicated  by  the  letter  ^  in  the  chi 
thi-.y  lie  quite  within  the  limits  indicatetl  by  the  two 
It  will  be  seen  too,  that  if  I  were  to  neglect  outlying  str 
in  my  data  at  very  high  temperatures,  where  measurem« 
made  under  increasing  difficulties,  my  results  could  be 
reconciled  with  those  of  Holborn  and  Wien. 

The  purpose  of  this  paper,  however,  is  to  show  in  a  i 
atic  way  tliat  to  clear  away  tlie  anomalies  now  exis 
high  temperature  data  either  the  boiling  point  of  zic 
come  down  from  930°  to  905°,  or  else  the  melting  pc 
silver,  gold  and  copper  must  move  up  30°  to  40°,  or  bot 
move  towards  eacli  other  by  corresponding  amounts. 
myself  to  make  some  contributions  toward  a  solution  o 
discrepancies. 

I  desire  in  conclusion  to  express  my  indebtedness  ti 
Alexander  Graham  Bell,  by  whose  generosity  I  have 
past  year,  materially  profited. 

Wasliington,  July,  18S1. 

•  Holborn  an.l  Wien:    lifrl.  Acm)„  .Tune,  1S92. 
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Art.  XLVIII. — T/ie  7vcent  eruption  in  the  Crai^f  ^ Kilav^a: 
by  L.  A.  THrnsTON'.  (From  the  Paciiic  Commeroial  Ad- 
vertiser. July  23,  1894.) 

The  great  lava  lake  in  the  southern  extremity  of  Kilauefl, 
Halemaumau,  has  been  steadily  rieing  siuce  the  last  great  diS' 
charge  in  March,  1891,  when  an  area  2500  feet  long  by  90(Ki 
feet  wide  sunk  in  one  night  a  dietance  of  over  500  feet. 

The  rising  and  overflowing  of  the  lake  filled  this  pit  last  fall. 
Since  that  time  the  activity  of  the  lake  has  been  intense,  as 
many  as  twenty-three  overflows  of  liqnid  lava  having  taken 
phice  in  a  single  day,  and  the  walls  surrounding  the  lake  have 
neen  rapidly  raised  by  continued  overJiowii. 

Accurate  meaanreinenta  of  the  lake  were  made  by  Mr,  F.  E. 
Dodge  of  the  Survey  Department  in  August,  I81ia,  and  March, 
lfS94.  He  has  recorded  in  the  Voleaiio  House  book  the  resiill 
of  his  observations,  as  follows ; 

"  In  Augnat,  1892,  tlie  outer  rim  of  the  pit  surrounding  the 
lake  was  283  feet  below  the  level  of  the  Voloano  House. 

"  The  surface  of  the  take  was  240  feet  below  this  line. 

"  In  March,  1894,  the  surface  of  the  lake  was  307  feet  above 
this  line,  making  a  rise  of  447  feet  in  nineteen  months. 

[The  profile  view  of  the  lake  at  the  two  periods  is  shown  hy 
fionre  1.] 

1 


"The  area  of  the  lake  was  somewhat  larger  in  1S94  than  in 
1892,  being  1200  feet  long  by  800  wide." 

Cpon  arriving  at  the  volcano  on  July  5,  1894,  the  principal 
change  since  Mr.  Dodge  was  there  was  found  to  be  the  sudden 
rising  of  the  north  bank  of  the  lake,  covering  an  area  of  about 
800  feet  long  I>y  400  wide,  which,  on  the  21st  of  March  last 
was  suddenly  and  without  warning  elevated  to  a  height  of  ^' 
feet  above  the  other  banks  and  the  surface  of  the  lava,  the  lake 
being  then  full. 
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The  raised  area  was  much  shattered,  and  two  blowholes 
shortly  afterward  made  their  appearance  on  the  outer  line  of 
fractai'e. 

On  the  18th  of  April  the  hill  thus  formed  began  to  sink, 
and  on  Jaly  5th  was  only  about  30  feet  above  the  other  walls 
of  the  lake. 

On  the  evening  of  the  6th  of  July  a  party  of  touriets  found 
the  lake  in  a  state  of  moderate  activity,  the  surface  of  the  lava 
being  about  12  feet  below  the  banks. 

On  Saturdav,  the  7th,  the  surface  of  the  lake  raised  so  that 
the  entire  surface  was  visible  from  the  Volcano  House.  That 
night  it  overflowed  into  the  main  crater,  and  a  blow-hole  was 
thrown  up  some  200  yards  outside  and  to  the  north  of  the  lake, 
from  which  a  flow  issued.  There  were  two  other  hot  cones  in 
the  immediate  vicinity  which  were  thrown  up  about  three 
weeks  before.  On  Sunday,  Monday  and  Tuesday,  July  8th, 
9th  and  10th,  the  surface  of  the  lake  rose  and  fell  several  times, 
varying  from  full  to  the  brim  to  15  feet  below  the  edge  of  the 
banks. 

The  profile  view  of  the  lake  on  Tuesday  night,  July  10th, 
was  approximately  as  shown  in  figure  2. 


Fig.  2 ;  A  B,  surface  of  lake,  July  10,  1891 ;  0  and  D,  blow  holes. 

On  the  morning  of  the  11th  the  hill  was  found  to  have  sunk 
down  to  the  level  of  the  other  banks,  and  frequent  columns  of 
rising  dust  indicated  that  the  banks  were  falling  in.  At  9:45 
A.  M.,  at  which  hour  a  party  reached 
the  lake,  a  red  hot  crack  from  3  to  6  ,/-" 
feet  wide  was  found  surrounding  the  a.''«/u 
space  recently  occupied  by  the  hill ;  f^/' 
the  hill  was  nearly  level ;  the  lake  had 
fallen  some  50  feet,  through  the  es- 
cape of  the  lava  by  some  subterranean 
passage,  and  the  wall  of  the  lake  formed  by  the  hill  was  falling 
in  at  frequent  intervals.  The  outline  of  the  lake  at  this  time 
was  as  in  figure  3. 

The  lava  in  the  lake  continued  to  fall  steadily,  at  the  rate  of 
about  20  feet  an  hour  from  10  o'clock  in  the  morning  until  8 
in  the  evening.  At  11  A.  m.  the  area  formerly  occupied  by 
the  hill,  marked  A,  A,  A,  in  the  diagram,  began  to  sink  bodily, 
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saviDe  a  dean  line  nf  franMire;  tlie  line  of  tin's  iirun,  markc<] 
\  B,  G,  WHB  continuouelv  leaning  over  and  falling  i»to  tbe 
aite.  From  about  liJ  until  8  in  the  evening  there  was  scarcely 
moment  when  thti  crtuth  of  the  falling  hanks  was  not  going 
■n.  Ab  the  level  of  the  lsk«  sank,  tlic  falling  rocks  of  the 
lanks,  nndeimined  hy  the  escape  of  the  lava,  caused  a  constantly 
ncreasing  commotion  in  the  lake  as  they  strnck  the  surface  of 
ho  molten  lava  in  tlielr  fall.  A  unmber  of  times  a  section  of 
he  bank  fiom  300  to  r>oO  feet  linjr,  150  to  2lXl  feel  high,  and 
0  to  30  feet  thick  would  split  otf  from  the  adjoining  rocks,  aiid 
rith  a  tremondons  roar,  amid  a  blinding  cloud  of  steam,  smoke 
nd  dust,  fall  with  nn  appalling  down  plunge  into  the  boiling 
ake,  cADding  great  wavi»  and  breakers  of  tire  to  dash  Into  the 
ir,  and  a  miglity  "ground  swell"  to  sweep  across  the  lake 
ashing  against  the  op|)n«!te  cliffs  like  eturm  waves  upon  a 
se  sliore. 

Moat  of  the  falling  rocks  were  immediately  swallowed  up  by 
he  lake,  but  when  one  of  the  great  downfalls  referred  to  occnr- 
ed,  it  would  not  immediately  sink,  but  would  float  o£F  acroas 
he  lake,  a  great  floating  island  of  rock.  At  about  3  o'clock 
n  island  of  this  character  was  formed,  estimated  to  be  about 
25  feet  long,  25  feet  wide,  and  rising  10  to  15  feet  above  the 
urfaee  of  the  lake.  Shortly  after,  another  great  fall  took 
'lace,  the  rock  plunging  out  of  sight  beneath  the  fiery  waves. 
Within  a  few  moments,  however,  a  portion  of  it.  approximately 
ijO  feet  ill  illarrietcr,  rose  U])  U^  iiii  i;levation  of  frurn  .">  to  Ti 
feet  above  the  surface  of  the  lake,  the  molten  lava  streaming 
off  of  its  surface,  quickly  cooling  and  looking  like  a  great  rose- 
colored  robe,  changing  to  black.  These  two  islands,  in  the 
course  of  an  hour,  doated  out  to  the  center  and  then  to  the 
opposite  bank.  At  S  in  the  evening  they  had  changed  their 
appearance  but  slightly.  They  had  disappeared  the  next 
morning. 

About  noon  the  sinking  lava  disclosed  the  fact  that  the  small 
extension  at  tlie  right  of  the  lake  was  only  about  80  feet  deep, 
and  it  was  soon  left  high  and  dry,  simply  a  great  shelf  in  the 
bank,  high  up  above  the  surface  of  the  lake.  As  the  lava  sub- 
sided, most  of  tlie  surrounding  banks  were  seen  to  be  slightly 
ovL'rliangiiig,  and  as  the  lateral  support  of  the  molten  lava  was 
withdrawn,  great  slices  of  the  overhanging  banks  on  all  sides  of 
of  the  lake  would  suddenly  split  off  and  fall  into  the  lake  beneath. 
As  these  changes  took  place  the  ex])osed  surface,  sometimes  100 
feet  across  and  npward,  would  be  left  red  hot,  the  break,  evi- 
dently having  taken  place  on  the  line  of  a  heat-crack  which 
hat]  extende<l  down  into  the  lake. 

About  0  o'clock  the  falling  bank  adjacent  to  the  hill  worked 
back  into  a  territory  which,  below  51)  feet  from  tbe  surface. 
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«ra8  all  hot  and  in  a  semi-molten  condition.  From  6  to  8  o'clock 
;he  entire  face  of  this  bluflF,  some  800  feet  in  length  and  over 
iOO  feet  in  height,  was  a  shifting  mass  of  color,  varying  from 
;he  intense  lignt  of  molten  lava  to  all  the  varying  shades  of 
•ose  and  red  to  black,  as  the  diflEerent  portions  were  successively 
exposed  by  a  fall  of  rock  and  then  cooled  by  exposure  to  the 
iir.  During  this  period  the  crash  of  the  falling  banks  was 
ncessant.  Sometimes  a  great  mass  would  fall  forward  like  a 
«rall ;  at  others  it  would  simply  collapse  and  slide  down  making 
•ed  hot  fiery  land  slides ;  and  again  enormous  bowlders,  as  big 
IS  a  house,  singly  and  in  groups,  would  leap  from  their  fasten- 
ngs  and,  all  aglow,  chase  each  other  down  and  leap  far  out 
nto  the  lake. 

The  awful  grandeur  and  terrible  magnificence  of  the  scene 
it  this  stage  are  indescribable.  As  night  came  on,  and  yet  hot- 
ter recesses  were  uncovered,  the  molten  lava  which  remained 
u  the  many  caverns  leading  ofiE  through  the  banks  to  other 
portions  of  the  crater,  beffan  to  run  back  and  fall  down  into* 
:he  lake  beneath,  making  fiery  cascades  down  the  sides  of  the 
>lnflf.     There  were  five  such  lava  streams  at  one  time. 

The  light  from  the  surface  of  the  lake,  the  red  hot  walls  and 
ihe  molten  streams  lighted  up  the  entire  area,  bringing  out 
jvery  detail  with  the  utmost  distinctness,  and  lighted  up  a  tall 
column  of  dust  and  smoke  which  arose  straight  up.  During 
he  entire  period  of  the  subsidence  the  lava  fountains  upon  the 
lurface  of  the  lake  continued  in  action,  precisely  as  though 
lothing  unusual  was  taking  place. 

Although  the  action  upon  the  face  of  the  subsiding  area  was 
\o  terrific,  that  upon  the  portion  between  the  falling  face 
ind  the  outer  line  of  fracture  was  so  gradual  that  an  active 
nan  could  have  stood  on  almost  any  portion  of  it  without 
njury.  Enormous  cracks  20  to  30  feet  deep,  and  from  5  to  10 
■eet  wide,  opened  in  all  directions  upon  its  surface,  and  the 
inbsidence  was  more  rapid  in  some  spots  than  in  others,  but  in 
ilmost  all  cases  the  progress  of  the  action  was  gradual,  although 
he  shattered  and  chaotic  appearance  of  the  rocks  made  it  look 
is  though  nothing  but  a  tremendous  convulsion  could  have 
>rought  it  about. 

Another  noticeable  incident  was  the  almost  entire  absence  of 
iulphnrous  vapors,  no  difficulty  in  breathing  being  experienced 
lirectly  to  leeward  of  the  lake. 

At  8  o'clock  p.  M.,  when  the  party  left  the  lake,  its  profile 
«ras  approximately  as  shown  in  figure  4. 

At  9  o'clock  the  next  morning  the  lake  was  found  to  have 
lank  some  20  feet  more ;  the  banks  at  the  right  and  left  of  the 
mbsiding  area,  which  had  been  the  chief  points  of  observation 
:he  day  before  had  disappeared  into  the  lake  for  distances  vary- 


flier  edge,  &nd  the 
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ing  from  25  to  100  feet  hack  from  the  former  edge,  &nd  the 
lower  half  of  the  debris  slope  had  been  swRllowedDp  in  the 
lake,  dieclosing  the  original  smooth  black  vail  of  the  lake 
beneath  at  a  considerable  overhanging  angle,  making  the  pro- 
lile  of  the  lake  approKimatelj'  as  in  tignre  I 


^\i^f' 


fig.  4,  ProUle  vlev ol  the  lake,  -lulrll.  1B94;  A  B,  sitivme  outor  marirRi;  CD, 

Inner  margin;  B  i\  Biirdiei'  of  Uko.  S  P  m.,  July  II ;  OK,  debris  slope. 
Fig.  B,  Trolilc  ut  9  A.  M..  .liilj'  13;  C  U.  debris  slope;  0  P^  solid  rock. 

At  the  level  of  the  lake  and  half-tilled  by  it  was  a  great  cav- 
ern extending  in  a  southeaeterlj'  direction  from  the  lake.     The 
dimensions  were  appurentl;  75  feet  acroas  and  15  feet  from  the 
eurfuce  of  the  lake  to  the  roof  of  the  cave.     It  could  be  eeeji 
into  from  the  opposite  bank  for  abont  50  feet.     This  majr  have 
been  the  dnct  tlirongh  which  the    lava  had  been    drained, 
although  it  manifestly  was  not  at  the  bottom  of  the  lake,  for 
up  to  .luly  Hitli,  that  had  contiimud  to  rise  and  fall  fr<..in  5  in 
10  feet  a  day,  and  constantly  threw  up  fountains,  somewhat      i 
more  actively  than  before  its  subsidence.     The  entire  area  of     I 
Bubeidence  is  estimated  to  be  a  little  less  than  eight  acres,  about      I 
one-half  of  which  fell  into  the  lake.  1 

While  the   discharge  was   taking   place   there    were  many      j 
Blight  tremors  of  the  banks,  generally  resulting  in  the  precipi-      I 
tate  retreat  of  the  observers  trom  the  edge,  but  although  tne 
danger  was  great  the  spectacle  was  so  grand  and  fascinating 
that  the  party  retorned  again  and  again  to  watch  it. 

At  the  Volcano  Houae  two  slight  earthquakes  were  felt  oO- 
the  afternoon  of  the  11th  and  one  vigorous  one  at  2  A.  M,  oc* 
the  liilh.  During  the  week  several  shght  shocks  were  felt  ir»- 
the  town  of  llilo,  thirty  miles  away,  although  none  were  fel'*- 
at  Olaa  half-way  between,  nor  at  Kapapala,  fifteen  miles  in  th^^ 
opposite  direction,  although  the  latter  is  a  place  peculiarly  sus- 
ceptible to  earthquakes. 

This  is  believed  to  be  the  tirst  discharge  of  Kilauea  in  th  ■^ 
presence  of  observers,  those  prior  to  1868  being  before  th  ^ 
establishment  of  t!ie  Volcano  House,  and  those  of  1868,  18S(^  > 
and  1891  and  several  minor  ones,  all  having  taken  place  a-"* 
night  when  no  one  was  present. 
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Art.  XLIX. — Oiv  Solutions  of  Metallic  Silver  /  by 

M.  Carey  Lka. 

The  solutions  of  metallic  silver  which  I  have  described  in 
previous  numbers  of  this  Journal  are  all  colloidal.  Since  pub- 
lishing those  papers  I  have  examined  all  the  varieties  with  the 
result  that  none  of  them  will  pass  through  membranes.  One 
3f  these  forms  of  silver  solution,  that  obtained  bv  the  action 
3f  ferrous  citrate  has  also  been  examined  by  Mr.  Prauge  and 
t)y  Dr.  Barus  with  the  same  result. 

The  silver  solutions  are  colloidal.  But  as  to  whether  they 
ire  polymerized  seems  doubtful.  Polymerized  substances 
bave  this  property  in  common  that  they  are  more  indifferent 
than  the  same  substances  in  their  ordinary  molecular  condition. 
Now  all  the  varieties  of  allotropic  silver  including  the  soluble 
form  are  more  easily  oxidized  and  chlorized  than  is  silver  in 
its  ordinary  form.     This  does  not  look  like  polymerization. 

These  colloidal  solutions  of  silver  are  at  the  least  as  perfect 
is  those  of  any  other  perfectly  soluble  colloidal  substance.  A 
yooA  way  of  testing  for  perfect  solubility  is  to  observe  the 
liquid  under  a  skylight,  letting  the  incident  light  make  a  right 
ingle  with  the  line  of  view.  Many  substances  which  viewed 
bv  transmitted  light  are  not  only  transparent  but  brilliantly 
3lear,  when  examined  in  the  manner  just  mentioned  show 
[inraistakable  turbidity. 

The  solutions  of  silver  stand  this  test  perfectly.  This  exper- 
iment seems  to  disprove  the  conclusion  arrived  at  by  Drs.  Barns 
ind  Schneider  that  this  form  of  silver  is  not  allotropic  but 
ordinary  silver  in  a  state  of  very  fine  division.  (Zeitschrift 
Fiir  Physikalische  Chemie,  viii,  298.)  When  carefully  made 
they  are  also  very  permanent.  I  have  some  silver  solution 
made  by  the  action  of  alkaline  hydroxide  and  dextrine  which, 
ifter  three  years  standing,  is  still  strongly  colored.  A  consid- 
erable part  of  the  silver  has  separated  but  as  this  separation 
lias  taken  place  in  the  form  of  bright  white  metallic  silver  and 
baa  occurred  where  the  light  was  strongest  (the  bottle  having 
stood  on  a  table  in  a  well  lighted  room)  the  change  seems  to 
have  been  due  pryjicipally  if  not  wholly  to  the  action  of  light. 

This  solution  thus  mamtained  so  long  seemed  to  afford  an 
opportunity  for  the  rigorous  determination  of  its  colloidal 
nature.  Placed  in  a  dialyzer  at  the  end  of  two  weeks  not  a 
trace  had  passed  through. 

These  results  seem  to  lead  to  the  conclusion  that  the  silver 
solutions  are  colloidal  and  yet  of  a  very  perfect  character  inas- 
much  as  they  will  bear  the  same  tests  for  absolute  transparency 
as  solutions  of  crystalloids. 
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Aht.  L. — A  Gigantic  Bird  from  the  Eocene  nf  Iftuc  Jerny ; 
by  O.  0.  Marsh. 

A  VEliT  largt?  extinct  bird,  aWnt  tlj«  size  of  uii  Ostrieli, 
and  api>arently  allied  to  that  k'"''"!'.  i*  indioatefi  by  »  few 
remaiita  now  depnaittid  in  the  Tale  MuseHm.  These  fosail* 
are  in  good  preservation,  and  were  obtained  by  the  writer 
several  years  eiiice  in.  the  upper  marl  beds,  of  Eocene  age, 
near  Squankiun,  N.  J.  Tha  most  chnracteristic  specimen,  i 
first  phalange  of  the  third  dij^it  of  the  right  foot,  is  represented 
half  uaturafsize  in  the  ueoonipanyingfigiires. 


In  comparing  this  specimen  with  the  corresponding  bone  of 
the  existing  Ostrich,  tlie  shaft  is  found  to  be  more  slender,  less 
constricted,  and  straight  in  front,  rather  than  concave.  The 
upper  end,  also,  is  more  rounded  in  outline.  The  lower  end 
has  a  distinct  groove,  dividing  the  articular  surface  into  nearlj 
equal  parts.  Tliis  groove  is  not  seen  in  the  recent  Ostricli,  but  is 
present  in  Dlniirnis.  It  indicates  a  ridge  on  the  opposing 
face  of  the  second  phalange,  as  in  the  feet  of  m;iny  living  birds. 

These  characters,  well  shown  in  the  above  figures,  appear 
distinctive,  and  indicate,  among  the  early  Strathious  birds,  * 
new  form  which  may  be  called  Harornix  regens.  Its  nearest 
allies  will  probably  be" found  in  D'tatri/mit,  and  Gastornis,  from 
essentially  the  same  geological  horizon. 
Ynle  Univerait)'  Miisoum,  Sew  Haven,  Conn.,  Sept.  20.  1894. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  a  neto  Gaseous  Constituent  of  the  Atmosphere, — At  the 
recent  meeting  of  the  British  Association  at  Oxford,  Lord 
Raylbigh  announced  that  in  conjunction  with  Professor  Ramsay, 
he  had  succeeded  in  isolating  from  atmospheric  air  a  new  gaseous 
substance.  His  experiments  on  nitrogen  had  shown  that  the 
density  of  this  gas  varied  considerably  according  to  the  source 
from  which  it  was  obtained.  Supposing  this  to  be  due  to  a 
variable  mixture  of  some  other  and  unknown  gas,  he  added  to 
the  air  an  excess  of  oxygen  and  passed  through  it  an  electric 
discharge.  The  density  of  the  nitrogen  gradually  increased  and 
finally  reached  19*8.  Ramsay  operated  by  removing  the  oxygen 
from  air  and  then  passing  the  nitrogen  over  heated  magnesium, 
which  was  thereby  converted  into  nitride,  leaving  a  residual  gas 
having  a  density  of  20*8.  It  is  thus  more  inert  than  nitrogen. 
It  exists  in  the  air  to  an  amount  of  one  per  cent  and  has  some 
pecniiarities  in  its  spectrum.  Its  elementary  character  is  yet  in 
doubt,  Professor  Dewar  suggesting  that  it  may  turn  out  to  be 
an  allot ropic  form  of  nitrogen.  6.  f.  b. 

2.  Die  wissenschaftlische  Onmdlagen  der  analytischen  Chemie; 
by  W.  OsTWALD,  Leipsic  (Engelmann),  1894.  12mo,  viii  +  187 
pp.  Price  4  marks. — ^The  appearance  of  each  new  work  by 
Professor  Ostwald  causes  astonishment  at  the  remarkable  fertility 
of  his  pen.  The  present  book  is  an  elementary  treatise  on  ana- 
lytical chemistry,  written  especially  from  the  standpoint  of  the 
new  theories  of  solutions.  A  very  clear  exposition  of  the  theory 
of  ions  and  the  laws  of  chemical  equilibrium  is  given,  and  from 
these  some  general  laws  and  rules,  applicable  to  chemical  analysis, 
are  derived.  These  rules  are  suggestive  and  they  give  a  satis- 
factory explanation  of  certain  well-known  facts  which  heretofore 
have  been  somewhat  empirical.  The  larger  part  of  the  book  is 
devoted  to  a  systematic  classi6cation  of  the  ordinary  analytical 
operations,  and  to  a  description  of  well-known  methods.  It 
mast  be  said  that  not  all  of  the  latter  are  the  most  recent  or  the 
best  of  their  kind,  but  the  intention  of  the  author  has  not  been 
to  furnish  instruction  to  beginners,  but  to  give  an  example  of  his 
method  of  treating  the  subject,  based  on  the  idea  that  nearly  all 
analytical  reactions  are  ion  reactions. 

The  author  criticizes  the  usual  practice  of  inorganic  analysts, 
of  giving  results  in  terms  of  metallic  oxides  and  acid  anhydrides, 
as  being  based  on  antiquated  chemical  ideas,  and  he  objects 
especially  to  the  customary  way  of  **  combining  "  constituents  in 
analyses  of  mineral  waters  and  other  solutions.  He  advocates 
the  statement  of  analyses  in  terms  of  the  elements,  or,  in  the  case 
of  solutions,  in  terms  of  the  ions.  It  seems  probable  that,  for  the 
sake  of  simplicity  of  calculation  and  easy  comparison  with  pre- 
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vious  analyeeR,  the  mineral  analysts  will  be  slow  to  give  up  tlu  ' 
convenient  and  tangible  oxides  and  anhydrides.  The  pre«eil 
method  of  calculating  a  mineral  water  analysis  shows  what  acttul 
ealts  would  make  a  mmilar  water,  while  an  analysis  stated  in  the 
ion  (brm  would  be  of  little  nse,  without  recalcnlaiion,  to  phym- 
cians  or  others  who  wished  to  know  its  character.  a.  u  w. 

3.  Note  on  the  telep/iwiic  tntanurenir.ut  of  elsctromotiw/orot; 
by  C  Barus. — According  to  de  la  Rue,  Ferraris,  Pelliil  and 
others,  currents  as  small  as  10~*  are  still  audible  in  the  telephone 
One  is  therefore  warranted  in  replacing  the  galvanometer  in  i 
shunted  circuit  for  the  measurement  of  electromotive  force  (aero 
method)  by  the  telephone,  seeing  that  the  sensitiveness  stated 
would  suffice  for  muasurements  much  exceeding  the  constancy  of 
any  galvanic  cell.  Devising  a  special  key  for  the  purpose,  I  made 
this  test;  but  I  did  not  find  the  extreme  sensitiveness  stated. 
Kven  ill  specially  wound  telephones  of  (lOOO  turns  of  wire,  the 
best  result  I  could  obtain  was  an  sudibilily  of  I0~^  auiperea, 
under  the  following  rcuinikahle  conditions:  For  increments  of 
ourreiil  amounting  to  aix  1C1~'  on  either  side  of  zero  the  tele- 
phone did  not  respond  at  all.  On  both  margins  of  this  silent 
field,  however,  the  responsu  (.famv  in  a  way  to  make  further  incre- 
ments of  only  10~''  amperes  quite  distiuguishable  in  loudnesi. 
Here  therefore  is  a  true  discontinuity,  for  the  extent  of  the  inter- 
val  of  silence  is  at  least  6  times  the  sensitiveness  of  the  telephone 
on  and  beyond  the  margins  of  this  interval.  In  the  great  varietj 
of  experiments  made  this  result  was  the  invariable  feature,  the 
silent  interval  being  in  some  ctses  even  10  or  20  limes  the  ma^ 
ginal  sensitiveness. 

I  interpret  this  to  mean  that  the  diaphragm  of  a  telephone 
when  in  a  state  of  rest  initially  resists  deformation  with  a  kind 
of  molecular  quiescent  friction;  and  that  this  inertness  must 
first  be  overcome  by  the  actnating  field  before  the  diapbragin 
responds  nicely  to  fine  gradations  of  stress, 

4.  A  Laboratory  Manual  of  Phytica  and  applied  Electricity; 
arranged  and  edited  by  Edward  L.  Nichols,  Vol.  I,  294  pp. 
Vol.  II,  444  pp.  (New  York,  Macmillan  &  Co.,  1894.)— The  recent 
development  or  Laboratory  practice  and  the  important  place 
now  assigned  to  experimental  physics  in  the  college  curriculum 
causes  us  to  welcome  this  present  work. 

The  manual  is  divided  into  two  volumes,  each  of  which  con- 
stitutes a  complete  and  separate  work  in  itself  covering  its  par- 
ticular field. 

Volume  1  is  entitled  a  Junior  Course  in  General  Physics  and 
is  the  work  of  E.  Merrilt  and  F.  G.  Ifogers.  The  field  of  me- 
chanics, heat,  light,  electricity  and  magnetism  is  covered  by  well 
selected  experiments  arranged  in  groups  according  to  the  subject 
matter.  This  volume,  intended  as  it  is  for  first  year  studentt. 
admits  of  little  originality  ae  to  material  and  the  sole  value  of 
Buch  a  work  depends  upon  the  method  of  presentation  and  id 
this  the  work  merits  commendation ;  it  is  free  from  dead  wood, 
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is  clear  and  definite.  Text  books  in  science  are  so  often  brought 
out  by  those  who  are  not  roasters  of  the  subject  of  which  they 
treat,  that  it  is  particularly  pleasing  to  turn  over  the  pages  of  this 
volume,  elementary  as  it  is,  and  to  note  the  scientific  development 
of  the  subject  which  is  manifest  on  every  page. 

The  second  volume  covers  a  new  field,  being  intended  for  ad- 
vanced students  with  particular  attention  to  the  needs  of  stu- 
dents of  electricity.  It  is  arranged  in  four  parts,  written  by 
different  members  of  the  department  of  physics  at  Cornell  Uni- 
versity. Part  I,  the  work  of  G.  S.  Moler,  H.  J.  Hotchkiss  and 
C.  P.  Matthews,  is  devoted  to  experiments  with  direct  current 
apparatus  and  pertains  to  electrical  engineering  rather  than  to 
physics.  It  consists  of  a  systematic  course  of  instruction  in 
dynamo  practice  and  satisfies  for  the  first  time  the  demands  of 
engineering  colleges  for  this  line  of  work. 

Part  II.  is  written  by  Frederick  Bedell  and  is  devoted  exclu- 
sively to  experiments  with  alternating  currents,  a  subject  of 
interest  to  the  physicist  as  well  as  the  electrical  engineer;  the 
treatment  is  systematic  and  quite  complete  considering  the  new- 
ness of  the  subject.  Many  of  these  experiments  are  now  pub- 
lished for  the  first  time  and  contain  methods  of  alternating  cur- 
rent measurement  which  have  been  developed  to  a  large  extent 
by  Dr.  Bedell.  The  formulation  of  experiments  in  a  field  devel- 
oped as  rapidly  as  that  of  alternating  currents,  is  peculiarly 
diflicult  and  the  work  may  be  open  to  criticism  which  can  be 
traced  to  this  source.  Part  II.  is  scholarly  in  treatment  and  con- 
tains much  that  is  new. 

Part  III.  consists  of  a  carefully  prepared  course  in  photometry 
and  heat,  by  C.  P.  Matthews.  The  experiments  in  heat  are  not 
new,  for  this  subject  has  been  gone  over  and  over  by  different 
writers,  but  the  presentation  is  good.  The  experimental  work  in 
photometry  is  new  in  the  sense  that  it  is  new  to  text  books,  and 
consists  of  methods  which  have  been  developed  during  recent 
years  dating  back  to  the  exhibition  in  Philadelphia  in  1884, 

Part  IV.  consists  of  outlines  of  advanced  work  arranged  by 
Dr.  Nichols  and  is  based  chiefly  upon  recent  researches  conducted 
at  Cornell  University  ;  the  chapters  on  light  sources  and  spectro- 
photometry are  especially  valuable  inasmuch  as  the  writer  has 
devoted  so  much  of  his  time  to  experimental  research  in  this 
direction.  In  this  part  are  described  the  most  recent  researches 
in  the  various  lines  of  work  taken  up,  with  references  to  original 
memoirs. 

The  work  has  been  carried  through  the  press  by  Dr.  Bedell. 
The  arrangement  of  the  work  is  admirable ;  the  mechanical 
execution  all  that  could  be  desired.  There  is  no  old  material ; 
the  illustrations  are  new. 

The  method  of  treatment  throughout  the  two  volumes  is  one  well 
suited  for  the  requirements  of  college  and  university  instruction. 
In  the  junior  course  of  the  first  volume,  specific  experiments  are 
arranged  for  the  student  and  the  exact  requirements  for  each  are 
given.     The  early  portion  of  the  second  volume  consists  of  sep- 
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araie  expcriraeiits  for  senior  work,  in  wliich  the  g«nersl  fobjwst 
matler  of  lli«  experimenl  is  clearly  ^iveti,  bul  greater  ecope  io 
purformance  is  givfn  to  the  stuiient.  In  ttie  last  part,  tbe  siudeal 
is  tl('|tendent  entirely  upon  hU  individual  «11orii>. 

The  work  does  credit  to  the  depailinvnt  from  which  it  em- 
anattis;  Dr.  Nichols  and  his  collaborators  art*  to  be  congratulated 
upon  the  reflult  of  thi^ir  labors.  f.  s. 

II.     Gkoloiiy    axd   Mineralogy. 

1,  The  Geotof/ical  Societi/  of  America. — The  sixth  summer 
meeting  of  the  geological  society  was  held  in  Brooklyn,  N.  i'., 
Tuesday  and  Wednesday,  August  14  and  l&.  The  followiog 
papers  were  read : 

J.  F.  Kbmp:  TIio  nickel  mine  at  LBiicoBter  Gap,  Ft,  nod  tbe  pj-rrhotlle depMll 
at  Anlhonj'B  Nose,  on  the  HuiJboq. 

Alfsrd  0.  Lamb:  A  connecliou  between  the  chemical  soil  optical  propertit* 
o(  imphiboleB. 

C.  H.  SicifTH,  Jr.;  On  n  'bnaic  rock  derireJ  from  granite 
EtiMpKli  Oris  HoTET:   A  Btud;  of  Ibe  cberta  of  Mlssoun. 

AarnUft  Hollice:   DislocationB  in  certain  portionfl  of   the   Atlantic  coaalil 
plain  etrata  and  their  probablo  eaiises. 
J.  W.  SpRNOEit:  Recoastruotlan  ol  the  Antilloan  oontinent. 
S.  S.  &BJLBG:  ETideDc«B  aa  to  tbe  chKDge  at  ses-levcl. 
W.  J.  UcGef:  The  eileoeion  of  unifonaitarioniain  lo  dofonnation. 

D.  F.  Lincoln  ;  Drnmlins  in  the  Tioinity  of  tJenem,  N.  T. 

Gbobqk  H.  Bitxtoii:  Ohuinela  on  dnimlloa  (»uaed  bj  eroaion  ot  glidil 
■irenma. 

Jaues  Perrin  !>HlTn  :  The  Than  und  Jiini  of  Shasta  CoudIt,  Oaliforoia 

llBSiiV  S  W[i.r.i,MS:  Tho  a^p  nf  tlie  Mtinj^nnesp  dupo^its  of  llie  Ban^^tiilt 
region  of  ArkansBB. 

Abstracts  were  read  of  the  following  papers  in  the  absence  of 
their  authors,  viz: 

[Iarold  W.  Fairbanks:  Review  of  our  knowledge  of  tbe  geology  of  the 
Californian  const  rangee, 

CuAE.  1^,  ProsSer  ;  The  Permo-CarboDiferovis  and  PeTmian  rocks  of  Kan^s. 

The  winter  meeting  of  the  society  is  to  be  held  at  Baltimort', 
Md.,  notice  of  which  will  be  sent  to  the  fellows  by  the  Secretary. 

2,  A  Nea  Miocene  Tapir ;  by  O.  C.  Marsh. — An  interest- 
ing ungulate  mammal,  probably  an  ancestor  of  the  raodeni 
Tapirs,  is  indicated  by  a  pair  of  lower  jaws  in  good  condition 
recently  found  in  the  Mioliippua  beds  of  South  Dakota.  This 
specimen  shows  the  same  form,  and  essentially  the  same  dentition 
aH  in  Tapiriix,  but  the  last  premolar  only  is  like  the  molars. 
There  is  a  small  secant  uanine  close  to  the  outer  incisor,  and 
behind  it  a  long  diastema.  The  extent  of  the  premolar  and  molar 
series  is  fonr  inches,  and  of  the  entire  dentition  six  and  one-half 
inches.  From  Volodon,  an  allied  form,  this  specimen  may  be 
distinguished  by  the  pi-esence  of  a  canine,  and  absence  of  a  heel 
on  the  last  lower  molar.  The  known  remains  indicate  an  animal 
about  half  the  size  of  the  existing  Tapirs.  It  may  be  called 
TanyopH  vndaus. 

Yale  Miiwiim,  Scptemlwr  Vi.  lS9i. 
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3,  Channels  on  Drumlins:  Caused  by  erosion  of  glacial 
streams  ;  abstract  of  a  paper  read  before  the  Greological  Society, 
Aug.  15,  1894,  by  Gborge  H.  Barton. — Owing  to  the  very 
symmetrical  form  of  the  dramlin,  with  its  smooth,  flowing  out*- 
lines,  it  has  been  able  by  the  very  equal  distribution  of  its  water- 
shed to  resist  the  attacks  of  ordinary  atmospheric  erosion  more 
strongly  than  other  forms  of  surface.  Hence  to-day  it  presents 
Little  evidence  of  post-glacial  erosion  and  it  is  very  difficult  to 
estimate  the  amount  it  has  undergone  during  this  time. 

On  the  other  hand,  of  the  nearly  eighteen  hundred  drumlins 
studied  in  Massachusetts  under  direction  of  Prof.  N.  S.  Shaler  for 
the  U.  S.  Geol.  Survey,  some  three  hundred  present  very  interest- 
ing features  of  erosion  that  took  place  after  the  hill  had  been 
fully  formed,  but  before  the  complete  disappearance  of  the  conti- 
nental ice-sheet. 

These  consist  of  channels  varying  from  a  few  feet  in  width  and 
depth  to  those  having  a  depth  of  a  hundred  or  more  feet  and  a 
corresponding  width.  With  extremely  rare  exceptions  their  beds 
invariably  slope  toward  the  south.  Very  exceptionally  indeed 
the  slope  is  toward  the  north  and  then  only  to  a  very  slight 
degree. 

On  the  ordinary  typical  drumlin  they  are  found  cutting  along 
either  side  at  any  elevation  from  base  to  summit,  always  parallel, 
or  nearly  so,  with  its  axis,  or  very  commonly  directly  upon  the 
summit  and  coincident  with  the  axis.  A  typical  example  of  this 
is  seen  on  Gieason's  Hill,  just  west  of  the  mill,  at  Rockbottom, 
Mass.,  where  a  channel,  about  twenty-seven  feet  at  its  greatest 
depth,  cuts  directly  along  the  axis  beginning  at  the  north  end  of 
the  hill  at  two-thirds  its  height  and  sloping  southward  to  the 
southern  end.  The  hill  is  a  symmetrical  drumlin  with  the  excep- 
tion of  this  channel. 

In  cases  where  the  till  is  more  complex  in  outline  consisting  of 
several  drumloid  forms  massed  together,  side  by  side,  so  as  to 
produce  an  east-west  ridge  as  is  quite  common,  channels  of  vari- 
ous sizes  occur  with  their  beds  nearly  always  inclined  to  the 
south.  Often  they  begin  their  course  on  the  north  side  at  one 
half  or  two-thirds  of  the  altitude,  pass  directly  through  the  east- 
west  axis  and  down  the  south  slope. 

In  many  instances  eskers  are  found  in  direct  linear  connection 
with  the  channels  in  such  manner  as  to  imply  a  relation  in  origin. 
Near  Worcester,  Mass.,  there  are  three  drumlins,  each  of  which  is 
cut  by  a  channel,  while  in  the  lowlands  between  are  eskers  which 
together  with  the  channels  form  a  nearly  continuous  serpentine 
line.  Here  it  seems  evident  that  the  stream  that  formed  the  esker 
must  also  have  cut  the  channel. 

The  streams  that  eroded  the  channels  must  have  been  super-  or 
6D-glacial,  to  the  northward  of  the  hill,  they  could  not  have  been 
Bnb-glacial.  Against  the  north  end  of  the  hill  at  Rockbottom  the 
ice-sheet  lay  massed,  on  or  in  which  the  stream  having  an  ice-bed 
had  its  channel.     To  the  south  the  ice  had  disappeared  or  had  so 
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melted  from  the  souih^in  8lo|)e  of  the  hill  as  lo  allow  the  ■ircim 
to  flow  down  lluB  Blopo  to  thu  lowlands  beyond. 

Previous  to  the  beginning  of  my  work  Prof,  Shaler  bad  not«d  i 
similar  channel  on  Forben  Hill  in  Milton,  Maeit.,  and  to  wfaiob  he 
bad  aHcribed  a  nearly  similar  origin. 

4.  IHaa  and  Jura  of  Shaala  County,  Californiii  ;  abstract  of 
a  paper  read  before  the  Geological  Society  of  America,  Aug.  15, 
1S04,  by  Jauks  Prrkin  Smith. — The  columnar  section  of  the 
metamorphio  series  of  the  Klamath  mountains  is  given  in  the 
paper;  this  is  made  up  of  strata  from  Devonian  to  Jurassic  age. 

The  presence  of  Middle  Trias  is  shown  by  fossils.  This  is  o»e^ 
lain  comlormably  by  slates  and  limeBtones  with  a  rich  fauna  of 
Upper  Triassic  a^e,  directly  comparable  to  that  of  the  zone  of 
TViipitee  tubhitliatua  and  T-'achi/cfira*  aon  of  the  Karnic  in  the 
Tyrolean  Alps.  This  fauna  is  ahown  by  its  affinities  to  Hiuialayan 
and  Tyrolean  species  to  belong  lo  a  prolongation  of  the  launa  of 
the  Mediterranean  and  ludian  Triassic  provinces,  and  not  to  the 
Arc  tic- Pad  fie  province.  The  occurrence  of  Jurassic  iossils  i) 
meiilioneil,  and  new  localities  given. 

The  widespread  Jura-Cretaceous  unconformity  In  thu  CoMl 
Range,  Klamath  mountains,  and  Sierra  Nevada,  is  oonsidi-red  > 
proof  that  these  three  ranges  belong  to  one  great  mountain  sye- 
tem,  in  which  the  disturbances  were  closely  associated. 

5.  The  C'rirhoni/erous  Strain  of  ShaHa  County,  California; 
abstract  of  a  paper  read  before  the  A.  A,  A.  Soi.,  Aug.  1894,  by 
James  pKRtttN  Smith. — The  general  etructurc  of  a  portion  of  the 
Klamath  mountaini^  was  briefly  discussed,  and  the  systems  of 
faults  and  folds  indicated. 

The  oldest  strata  of  the  region  are  of  Devonian  age,  overlain 
by  the  Haird  shales  which  belong  to  the  Lower  Carboniferous. 
The  latter  have  a  fauna  analogous  to  that  of  the  Eureka  district 
of  Nevada,  and  thus  have  many  Devonian  species  commingled 
with  the  Carboniferous.  Faunally  these  are  thought  to  be  homo- 
taiial  with  the  Waverly,  but  stratigraphically  they  belong  higher 
in  the  section. 

Above  the  Baird  shales  lie  about  2000  feet  of  limestone  with  a 
carboniferous  fauna,  f>robably  equivalent  to  the  Coal  measures. 
Above  this  limestone  lie  calcareous  shales  with  a  fauna  equivalent 
to  that  of  the  Robinson  beds,  Plumas  County,  and  thus  probably 
Permo-Carboniferous  in  age. 

6.  Some  anomalies  in  the  rjrowtk  of  Alum  Crystals. — Mr. 
H.  A.  MiERs  read  a  paper  belbre  the  British  Association  on  a 
new  metiiod  of  measuring  crystals,  containing  the  followiug 
interesting  facts: 

The  two  fundament.il  laws  of  crystallography — namely,  (1)  tbe 
constancy  of  the  angle  in  crystals  of  the  same  substance,  and 
(3)  the  law  of  simple  rational  indices  seem  to  be  violated  by 
those  crystals  which  are  liable  to  irregular  variations  in  their 
angles,  or  those  which  have  tbe  simple  faces  replaced  by  compli- 
cated "  vicinal"  planes.     Both  these  anomalies  are  exhibited  by 
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potash-  sod  ammonia-slam.  Brilliant  and  apparently  perfect 
octahedra  of  these  salts  show  large  variations  in  the  octahedron 
angle ;  other  crystals  show  low  vicinal  planes  in  place  of  the  octa- 
hedron faces.  If  it  be  trne,  as  is  sn  pposed,  that  the  octahedron  angle 
varies  in  different  crystals,  it  would  be  interesting  to  ascertain 
whether  progressive  variations  can  be  traced  daring  the  growth 
of  a  single  crystal,  and  whether  some  or  all  of  the  octahedron 
faces  change  their  direction  in  space  if  the  crystal  is  held  fixed 
during  growth. 

In  order  to  solve  this  problem  a  new  goniometer  has  been  con- 
structed, in  which  the  crystal  is  fixed  at  the  lower  end  of  a 
vertical  axis,  so  that  it  can  be  immersed  in  a  liquid  during 
measurement.  This  device  is  in  reality  an  inversion  of  the 
ordinary  goniometer  with  horizontal  disc;  the  liquid  is  contained 
in  a  rectangular  glass  trough  with  parallel-plate  sides ;  one  side 
is  placed  rigidly  perpendicular  to  the  fixed  collimator,  and  the 
other  is  perpendicular  to  the  telescope,  which  is  set  at  90®  to  the 
collimator.  The  trough  is  supported  on  a  table  which  can  be 
raised  and  lowered,  so  that  the  crystal  can  be  placed  «at  any 
required  depth  in  the  liquid.  If  the  liquid  used  be  its  own  con- 
centrated solution  the  crystal  can  be  measured  during  growth, 
and  the  changes  of  angle,  if  any,  can  be  observed  at  different 
stages.  In  order  that  it  may  be  held  rigidly,  the  crystal  is 
mounted,  when  small,  in  a  platinum  clip,  which  it  envelops  as  it 
grows  larger. 

The  results  derived  from  the  measurement  of  a  large  number 
of  alum  crystals  are  as  follows  : — 

(1)  The  faces  of  the  regular  octahedron  are  never  developed 
upon  alum  growing  from  aqueous  solution. 

(2)  The  reflecting  planes  (which  are  often  very  perfect)  are 
those  of  a  very  flat  triangular  pyramid  (triakis  octahedron)  which 
overlies  each  octahedron  face. 

(3)  The  three  faces  of  this  triangular  pyramid  may  be  very 
unequal  in  size. 

(4)  The  triakis  octahedron  which  replaces  one  octahedron  may 
be  different  from  that  which  replaces  another  octahedron  face 
upon  the  same  crystal. 

(5)  During  the  growth  of  the  crystal  the  reflecting  planes 
change  their  mutual  inclinations  ;  the  triakis  octahedron  becomes 
in  general  more  acute,  i,  e.  deviates  further  from  the  octahedron 
which  it  replaces,  as  the  crystal  grows. 

(6)  This  change  takes  place  not  continuously,  but  per  saltum^ 
each  reflecting  plane  becoming  replaced  by  another  which  is 
inclined  at  a  small  angle  (generally  about  three  minutes)  to  it. 

(7)  During  growth  the  faces  are  always  those  of  triakis  octa- 
hedra; if,  owing  to  rise  of  temperature,  re-solution  begins  to 
take  place,  faces  of  icositetrahedra  are  developed. 

These  observations  prove  that  the  growth  of  an  alum  crystal 
expresses  an  ever-changing  condition  of  equilibrium  between  the 
crystal  and  the  mother  liquor.     It  does  not  take  place  by  the 


deposition  of  parallel  plane  layers;  ii^w  faci>B  are  iv>nHiaiiiU 
developed:  Biiioo  tbese  eitoceea  one  arioiher  />er  raltum  \\i^ 
doubt Icsn  obey  the  law  of  rational  indices,  thoa^^h  not  that  M 
simple  rational  indice§.  From  the  mutnal  ioolinations  of  that  i 
vicinal  faces  it  is  poHsible  to  csilcul&te  with  absolute  accar»f 
the  aajfle  of  the  faces  to  which  they  symmetricslly  approximate. 
Tbia  angle  in  found  to  be  that  oF  the  regular  octahedron  70°  3  if. 
The  oolahedrori  angle  of  ahim  in  not,  therefore,  as  appeared  from 
the  observalionH  of  Ffat)  and  Brannn,  anbjeut  to  any  variation. — 
Nature,  vol,  1,  p.  411,  Augnal  23,  18»4. 

III.     ASTROyoSfT. 

1.  Verteichniis  iler  Elemeiile  der  bUhrr  fifrechriettn   Cotnekn- 
bahneti,  etc.,  liy  Dr.  J.  ti.  Gali^     8°,  pu,  xviii,  and  3 IV.     Ltipiig, 
1S84.     This  volume  is  a  new  edition  by  the  veteran  astronomer 
of  the  work  published  by  him  in    184T  and  later  in    1863.      The 
earlier  edition  was  a  continuation  and  completion  of  the  lilce  Cat- 
alogue of  Olbera  in  \mz.    The  tirst  half  of  ttie  present  volume i»  I 
a  tabular  catalogue  of  nil  computed  elements  of  the  oomctio  orbiU  J 
up  to  the  iiresent  year.    The  second  half  consiaia  of  historic^  f 
descriptive  and  bibliographical  notes  upon  the  several  comets.      1 

2.  Gi-saiiimelte  Wkrke  von  Ukinhich  Hkiitz,  Band  III ;  Dk  j 
J'rimipiei*  der  Mechanik  in  tt«uene  ZusauimenAeMfft  darffetttUk-.! 
8°,  pp.  xxii,  3IS.  Leipzig,  1894,  (H  •  ■  — - 
coili-ctcd  works  of  thu  greatly  lameM, 
prelace  by  von  Hcnilioliz  a  generom 
work  consists  of  two  books,  1st,  the  geometry  and  kinematiosof 
material  systems,  and  2d,  the  mechanics  of  material  systems. 
The  first  part  was  in  completed  form,  but  the  second  the  author 
intended  to  rework  but  was  prevented  by  his  illness  which 
proved  fatal.  He  placed  his  manuscript  in  the  hands  of  Fh. 
Lenard  under  whose  care  the  present  volume  is  published. 

IV".  Miscellaneous  Scientific  Intelligence. 
1.  TAe  Avierlcan  Association /or  the  Adoancement  of  Scienee. 
— The  retiring  President,  William  Harkness,  delivered  the  address 
at  tlie  opening  of  the  Brooklyn  meeting  in  August,  "On  the 
Magnitude  of  the  Solnr  System,"  (this  Journal,  pp.  S.'JO-.'SO). 
Tlie  6iil)jects  of  the  vice-presidential  addresses  were  as  follows; 
Hfclion  A,  "Binary  Stars,"  by  G.  C.  Co  ins  toe  k ;  section  B, 
"Ob^curu  heat  as  an  agent  in  producing  expansion  and  contrac- 
tion of  metals  under  air  contact,"  by  William  A.  Rogers ;  section 
C,  "The  Battle  with  fire,"  by  Thomas  U.  Norton;  section  D, 
"Paradoxus  in  the  resistance  of  materials,"  by  MansHeld  Merri- 
man;  section  E,  "The  Niobrara  Chalk,"  by  Samuel  Calvin; 
Hucl.ion  G,  "  The  Evolution  of  the  Ilepaticie,"  by  Lucien  M. 
Tndervvooil ;  section  H,  "  Human  faculty  as  determined  by  Race," 
by  Fran/.  Hckib  ;  section  I,  "  A  stable  Monetary  Standard,"  by 
Ilenry  Kanpibar. 
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Changes  in  the  constitution  of  the  association  were  proposed 
which  wonld  add  Social  science  to  the  scope  of  the  section  of 
EcononEiic  science  and  Statistics,  and  separate  the  section  of  Geol- 
ogy from  Geography,  creating  a  separate  section  for  the  latter. 
These  will  be  acted  upon  next  year.  The  Committee  on  Grants  set 
apart  from  the  fund  for  research  $100  for  a  table  in  the  Biological 
Ltiaboratory,  at  Wood's  Holl,  Mass.,  $100  to  Professors  Morley  and 
Rogers  for  inferential  comparisons,  and  $200  to  Dr.  Boas  to  con- 
tinue and  complete  anthropometric  measurements  of  Indians. 
It  is  probable  that  the  next  meeting  will  be  held  in  San  Francisco. 

2.  TJie  British  Association, — The  sixty-fourth  meeting  of  the 
British  Association  was  held  at  Oxford,  beginning  August  8th. 
The  inaugural  address  of  the  president,  the  Marquis  of  Salisbury, 
was  an  admirable  presentation  of  the  limitations  of  human  knowl- 
edge in  the  field  of  the  ultimate  nature  of  matter,  of  motion  and 
of  life,  as  indicated  by  the  terms  atom,  ether  and  life.  The  open- 
ing addresses  before  the  several  sections  were  by  Prof.  A.  W. 
RUcher,  Mathematics  and  Physics,  on  ^'Terrestrial  Magnetism"; 
Prof.  H.  B.  Dixon,  Chemistry,  "An  Oxford  School  of  Chemists"; 
L.  Fletcher,  Geology,  on  Crystallography;  Prof.  L.  B.  Balfour, 
Biology,  on  "  Forests  and  Forestry ";  Oaptain  Wharton,  Geog- 
raphy, "The  Sea";  Prof.  A.  B.  W.  Kennedy, Mechanical  Science, 
"  The  Critical  side  of  Mechanical  Training  ";  Sir  W.  H.  Flower, 
Anthropology ;  Prc»f.  E.  A.  Schsefer,  Physiology.  The  attendance 
reached  the  total  of  2321  members,  of  which  77  were  foreigners; 
and  nearly  1100  pounds  were  awarded  in  aid  of  scientific  research. 
The  Biology  section  was  divided,  and  in  the  future  there  will  be 
separate  sections  of  Zoology  and  of  Botany.  Section  I  is  to 
include  Physiology,  Experimental  Pathology  and  Experimental 
Psychology.  The  meeting  next  year  will  be  held  at  Ipswich 
under  the  presidency  of  Sir  Douglas  Galton. 

3.  The  University  of  Oxford^  England,  on  the  occasion  of  the 
meeting  of  the  British  Association,  conferred  the  degree  of  D.C.L. 
honoris  causd  upon  Professor  S.  P.  Langley,  secretary  of  the  Smith- 
sonian Institution.  The  same  degree  was  conferred  on  the  follow- 
ing eminent  scientific  investigators  :  Prof.  Edouard  Van  Beneden, 
Prof.  Ludwig  Koltzmann,  Dr.  E.  Chauveau,  Prof.  Cornu,  Prof. 
Tbeodor  W.  Engelmann,  Prof.  Wilhelm  Forster,  Prof.  C.  Friedel, 
Prof.  L.  Hermann^  Prof.  Gosta  Mittag-Leffier,  Prof.  G.  Quincke 
and  Prof.  E.  Strasburger. 

OBITUARY. 

JosiAu  Parsons  Cooke,  for  many  years  an  associate  editor 
of  this  Journal,  was  born  in  Boston,  Oct.  12,  1827,  and  died  in 
Newport,  Sept.  3,  1894.  When  he  was  a  student  in  Harvard 
College,  the  chemical  department  was  so  thoroughly  disorganized 
that  his  teaching  in  this  branch  was  confined  to  a  few  disjointed 
lectures,  and  to  these  he  added  after  graduation  some  months  of 
study  with  Regnault  in  Paris.     With  these  meagre  exceptions 
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hie  chemical  knowledge  was  acqaired  by  his  unaided  eSbits,  and 
these  had  been  §o  successful  even  in  his  boyhood  and  youth  that 
at  23  he  was  appoinlfd  Ewing  Professor  of  Chemistry  and  Min- 
eralogy in  Harvard  University,  a  position  wliioh  ho  held  till  hii 
death. 

His  first  important  chemica.!  paper  was  on  a  theoretical  saii- 
Ject,  as  was  to  be  expeoled  from  a  self'taught  man ;  It  was  an 
attempt  at  a  classification  of  the  elements,  in  which  be  approached 
the  periodic  system,  since  so  brilliantly  developed  by  Mendeleieff 
and  by  I^thar  Meyer;  but  hia  most  important  pieces  of  work, 
published  rather  late  in  his  life,  the  redetermtuatioas  of  the 
atomio  weight  of  antimony  and  of  the  ratio  between  oxygen  and 
hydrogen,  proved  that  be  had  given  himself  the  liillest  and  be»t 
of  chemical  educations,  as  they  required  a  profound  knowledi^e 
of  the  most  delicate  and  difficiiH  manipulations  supplemented  by 
great  ingenuity  in  devising  new  and  more  advanced  methods. 
PurhapH,  however,  these  should  not  be  called  his  moat  iniponiDt 
work,  but  that  title  should  be  given  rather  to  bis  research  on  the 
iodides  of  antimony,  in  which  he  furnished  an  experimuatnl 
explanation  of  the  isomerism  of  these  inorganic  salts. 

As  a  teacher  be  has  hud  a  deep  and  lasting  influence  on  the 
characters  of  a  multitnile  of  students  by  means  of  his  elementary 
lecrurea  given  for  over  forty  years  to  the  whole  of  each  class 
which  has  passed  through  Harvard  College ;  and  his  advanced 
Btndentfl  have  drawn  troia  him  the  best  instruction  and  inspira- 
tion. Tile  chemical  deparlmeot  of  Harvard  Collie  he  hu 
raised  from  the  state  of  entire  collapse,  in  which  be  found  it,  lo 
one  of  the  strongest  and  best  cquippfd  deparinu'nls  in  the  col- 
lege established  in  one  whole  building  and  part  of  another,  both 
of  which  together  with  the  rich  mineral  cabinet  were  presented 
to  the  college  priucipally  through  his  exertions. 

Hat  his  influence  was  not  bounded  by  ibe  college  walls;  his 
brilliant  popular  lectures  have  spread  a  taste  for  science  and  a 
knowledge  of  chemistry  in  the  outside  world,  and  bis  BumeroM 
books,  ranging  from  abstruse  college  text-books  to  popular  expou- 
tions  of  bis  favorite  subject  and  scientific  essays,  have  reached 
even  a  wider  audience. 

These  lalmrs  have  met  with  recognition  by  bis  election  to 
numerous  learned  societies,  and  especially  by  the  degree  of 
doctor  of  laws,  which  he  received  from  the  University  of  Cam- 
bridge, England,  and  by  his  selection  as  president  of  the  American 
Academy,  a  position  which  he  held  at  the  time  of  hts  death. 

The  eminence  of  which  I  have  tried  to  give  an  outline  was 
due  to  bis  complete  and  loving  devotion  to  his  chosen  science, 
bis  brilliant  talents,  bis  remarkable  executive  ability,  and  to  hia 
ceaseless  and  unwearied  industry.  He  leaves  a  gap  in  Harvard 
University  and  the  scientific  world,  which  it  will  be  hard  to  fill- 

B.MtoN  Hekman  Lddwig  Febdinand  von  Hei-mholte,  the 
eminent  German  Scientist,  died  on  ijeptember  8tb,  at  Berlin. 
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Art.  LI. — On  Variations  and  Mutations;  by 

W.  B.  Scott. 

Very  interesting  and  instructive  analogies  exist  between  the 
history,  aims  and  methods  of  comparative  philology,  on  the 
one  hand  and  those  of  animal  morphology,  on  the  other.  In 
both  sciences  the  attempt  is  made  to  trace  the  development  of 
the  modem  from  the  ancient,  to  demonstrate  the  common 
origin  of  things  now  widely  separated  and  diffenng  in  all 
apparent  characteristics  and  to  establish  the  modes  in  which 
and  the  factors  or  causes  by  which  this  evolution  and  differen- 
tiation have  been  effected.  At  the  present  time  morphology 
is  still  far  behind  the  science  of  language  with  regard  to  tne 
solution  of  many  of  these  kindred  problems  and  can  hardly 
be  said  to  have  advanced  beyond  the  stage  which  called  forth 
Voltaire's  famous  sneer :  "  L'6tymologie  est  une  science  oii 
les  voyelles  ne  font  rien,  et  les  consonnes  fort  peu  de  chose." 
Of  the  animal  pedigrees,  now  so  frequently  propounded,  few 
have  any  better  foundation  than  the  "  guessmg  etymologies" 
of  the  last  century  and  for  exactly  the  same  reason.  Just  as 
the  old  etymologists  had  no  test  to  distinguish  a  true  deriva- 
tion from  a  false  one,  except  a  likeness  in  sound  and  meaning 
in  the  words  compared,  so  the  modern  morphologist  is  yet 
without  any  sure  test  of  the  relationships  of  animals  except 
certain  likenesses  or  unlikenesses  of  structure.  How  much 
weight  is  to  be  allowed  a  given  similarity  and  how  far  this  is 
ofibet  by  a  dissimilarity  which  accompanies  it,  we  have,  as  yet, 
few  means  of  determining  and  have  still  to  discover  those 
laws  of  organic  change  which  shall  render  the  same  service  to 
morphology  as   Grimm's  law   has   done  to  the  study  of  the 
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Aryan  tongucB.  Doiilitleee  tlie  analogy  may  be  pushed  still 
farther  and  we  may  say  with  some  conlideiice  that  just  ss 
sound  principles  of  etymology  were  deduced  by  tracing  the 
changes  of  worde  stej)  by  step  back  from  their  modem  torua 
to  their  ancient  origiiie,  so  the  existing  animal  forms  must  be 
traced  bach,  noting  all  the  gradatione,  to  their  far  distant 
ancestors. 

The  great  problems  of  morphology  have  been  attacked  by 
the  aid  of  many  distinct  methods,  each  of  which  has  its  ova 
drawbacks  and  its  own  particular  advantages.  Most  of  them 
Bufler  from  the  fact  that  they  deal  only  with  the  present  order 
of  things  and  thus  somewhat  i-esemble  the  attempt  to  work 
out  the  derivations  of  languages  which  have  do  literature  or 
only  one  that  is  so  falfeifiud  ana  vitiated  with  forgeries  that  the 
order  of  snccession  is  hopelessly  lost.  Final  results  can  be 
hoped  for  only  by  a  ciitnbi nation  of  all  the  methods,  but  such 
combination  becomes  more  and  more  diSicuIt  because  of  the 
continual  accumulation  of  immense  numbers  of  facte,  which 
requires  strenuons  labor  to  keep  track  of,  even  id  a  single 
departraent,  not  to  mention  the  tueoretical  taint  now  attaching 
to  nearly  all  morphological  work  and  which  canses  hesitation 
in  fully  accepting  the  results  of  any  inquiry.  While  the 
immensity  of  the  task  and  its  manifold  variety  DeoeesiUts  ■ 
epeciaUzation  of  research,  too  narrow  a  epeci&liEation  of  knowl-  J 
edge  is  a  great  evil  and  many  an  investigator  might  save  him-  ' 
self  from  serious  blunders,  could  he  but  learn  the  resulta 
gathered  by  fellow  workers  in  somewhat  different  fields,  resnite 
which  have  a  most  important  bearing  apon  his  own. 

The  principal  methods  of  morphological  inquiry  have  been 
comparative  anatomy,  embryology  and  palaeontology,  each  with 
the  limitations  and  advantages  peculiar  to  itself.  Not  long 
ago,  and  to  some  extent  still,  embryology  was  looked  upon  as  the 
final  arbiter  in  all  morphological  questions,  but  the  many  diffi- 
culties in  the  way  of  applying  the  method  to  particular  cases 
and  the  lack  of  any  generally  accepted  canons  of  interprets 
tion,  have  led  to  a  reaction  against  embryological  deductions, 
which  perhaps  undervalues  this  method  as  much  as  it  was  over- 
estimated before. 

Comparative  anatomy  suffei-s  from  the  drawback  that  it  can- 
not with  certainty  distinguish  between  resemblances  due  to 
genetic  affinity,  on  the  one  band,  and  those  which  are  the  results 
of  convergence  or  parallelism,  on  the  other,  and  it  possesses  no 
trustwortliy  criterion,  by  which  it  can  test  the  taxonomic  sig- 
nitieance  of  structural  characters.  Besides,  this  method  deals 
only  with  the  recent  animal  world,  a  mere  disjointed  fragment 
of  what  has  existed  in  times  past.  It  is  a  language  without* 
literature  to  register  its  changeB. 
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Palsdontology  has  its  manifest  deficiencies,  as  well  as  the 
other  methods.  Of  these  the  most  important  is  the  well 
known  and  oft  Commented  on  imperfection  of  the  geological 
record  and  another  almost  equally  grave  consists  in  the  fact 
that,  except  under  the  rarest  and  most  favorable  circumstances, 
only  the  hard  parts  of  an  animal  can  be  preserved  in  the  fossil 
state  and  very  important  structures  and  organs  can  only  be 
inferred  from  scanty  data.  In  spite  of  these  defects,  the 
method  has  certain  preeminent  advantages.  It  does  not  pro- 
fess and  never  can  hope  to  yield  us  the  whole  history  of  life, 
but  certain  chapters  in  that  history  have  been  preserved  with 
wonderful  completeness  and  fullness  of  detail.  While  it  is 
still  impossible  to  avoid  all  preconceived  ideas  in  the  construc- 
tion of  phylogenies,  there  are,  nevertheless,  some  series  so 
complete,  so  intimately  connected,  that  no  one  doubts  the  real 
relationships  of  their  members  to  one  another.  These  series, 
which  are  fortunately  in  widely  separated  phyla  (mammals, 
cephalopods,  brachiopods,  Crustacea  and  echinoderms  are  the 
most  important  in  this  connection)  offer  important  evidence  as 
to  the  actual  steps  of  organic  descent,  and  consequently  as  to 
the  mode  in  which  organic  changes  may  be  brought  about. 
They  represent  the  literature  by  means  of  which  the  changes 
of  words  have  been  traced  from  the  ancient  languages  to  the 
modern  and  which  have  enabled  etymologists  to  deduce  the 
laws  of  change  and  establish  criteria  by  which  derivations  can 
be  thoroughly  tested. 

Of  late  a  new  method  of  attacking  the  problems  of  morph- 
ology has  been  suggested  by  Bateson,*  viz :  the  study  of  varia- 
tion. This  book  nas  hardly  received  from  palaeontologists  the 
recognition  which  it  deserves  ;  it  is  especially  admirable  for  its 
freedom  from  dogmatism,  the  perfect  candor  of  spirit  with 
which  it  has  been  written  and  the  keen  criticism  which 
brashes  away  many  of  the  obscuring  cobwebs  that  have  gath- 
ered about  zoological  inquiry.  The  author  recognizes  the 
deadlock  which  seems  to  threaten  morphology  as  carried  out 
along  its  present  lines  and  exposes  the  hollowness  of  the  preva- 
lent modes  of  "  explaining "  the  facts  of  evolution  by  means 
of  the  glib  use  of  elaborate  phrases,  which  too  often  serve  as  a 
mere  disguise  for  ignorance.  These  elastic  terms  may  be  so 
manipulated  as  to  '*  explain  "  anything  and  everything,  but  in 
reality  they  explain  nothing  at  all  and  only  darken  counsel  by 
diverting  attention  from  the  actual  diificulty.  Out  of  this 
labyrinth  of  speculation  and  uncorrelated  facts,  Bateson 
believes  that  the  best  chance  of  escape  lies  in  the  study  of 

*  Materials  for  the  Studj  of  Variation,  treated  with  especial  Regard  to  Dis- 
continuity in  the  Origin  of  Species.  London  and  New  York,  Macmillan  k  Co. 
1894. 


Tariatioi).  "Those  who  reject  the  jmrtictitar  inferences,  pod- 
tive  or  negative,  hero  drawn  from  that  study,  must  not  in 
haste  reject  the  method,  fur  that  is  right  beyond  all  quefitiou." 
(p.  XI.)  "  It  k  Biibniitted  that  the  «tudy  uf  variation  gives  im 
a  chance  and  perhaps  the  only  one,  of  arriviag  at  this  kuovl- 
edge"  [i,  e.  of  the  facts  of  evolution]  (p.  13).  "In  introdnc- 
ing  the  method  of  the  study  of  variation,  I  have  said  that  it 
alone  can  supply  a  eolid  foundation  for  inquiry  into  the  man- 
ner bv  which  one  species  arises  from  another.  The  facte  of 
variation  must  therefore  be  the  test  of  phylogenetie  jHiseibMilT. 
Looking  at  organs  instead  of  species,  we  shall  now  see  that  t^e 
facta  of  variation  must  also  be  the  test  of  the  way  in  which 
organ  ansee  fi-ora  organ  and  that  thus  variation  must  be  Ihr 
test  of  homology  "  (p.  30). 

Bateeon*B  entire  argument  is  founded  upon  the  assumptton 
that  individnal  variations  form  the  material,  out  of  which  new 
species  are  constructed,  an  assumption  wliieh  has  almost  pa^fd 
into  an  axiom.  "It  is  upon  the  fact  of  the  existence  of  this 
phenomenon  of  variation  that  all  inductive  theories  of  evolu- 
tion have  been  bae;Qd "  (p.  3).  He  has  entirely  omitted  anj 
consideration  of  the  paltoontological  facts  and  appears  not  tob« 
familiar  with  the  literature  of  this  subject.  Rad  be  been  so, 
he  would  hardly  have  said  ;  "  It  is  really  a  strange  ^iog  that 
so  mucli  enterprise  and  research  ahould  have  been  given  to  tin 
task  of  rcconslnicting  particular  jiedigreos — a  work  in  wliieli 
lit  hft-t  tlic  f:n-tf-  must  ho  fkcd  onl  litrgely  witli  t-ptciihtiL'Ti— 
while  no  one  has  ever  seriously  tried  to  determine  the  general 
characters  of  such  a  series"  (p.  H),  Palceontologists  have 
repeatedly  endeavored  to  do  this  and  it  is  much  to  be  regretted 
that  workers  in  other  lines  of  morphology  should  pay  so  little 
attention  to  their  results.  Progress  cannot  be  hoped  for  except 
by  combining  all  classes  of  facta.  The  object  of  this  paper  k 
to  compare  Bateson's  methods  and  results  with  those  drawn 
from  a  study  of  fossil  mammals,  with  special  reference,  of 
course,  to  those  phyla  which  may  be  regarded  as  fairly  well 
established.  The  outcome  of  such  a  comparison  is  an 
unpleasant  alternative  :  either  the  study  of  variation  offers  us 
little  hope  of  learning  the  real  facts  of  evolution  and  the 
assumption  upon  whicu  it  is  founded  is  radically  faulty,  or  all 
the  palii'ontological  phyla  have  been  erroneously  arranged  and 
muiit  be  thoroughly  reconstructed,  though  no  reconstruction  at 
present  possible  would  bring  about  any  greater  harmony  of 
results.  Such  rearrangement  is  necessarily  limited  by  the 
geological  succession. 

Bateson's  definitioTi  of  variation  may  be  accepted  as  au  exact 
statement  of  the  significance  to  be  attached  to  the  term.  "To 
this    phenomenon,    namely,    the    occurrence    of    differences 
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between  the  structure,  the  instincts  or  other  elements  which 
compose  the  mechanism  of  the  offspring  and  those  which  were 

{>roper  to  the  parent,  the  name  variation  has  been  given  "  (p.  8). 
n  most  species,  while  no  two  individuals  are  exactly  alike,  the 
greater  part  of  them  resemble  one  another  very  closely  and 
thus  make  a  normal  from  which  few  individuals  depart  very 
widely ;  the  magnitude  of  such  departures  is  in  general  pro- 
portionate to  their  infrequency.  The  phylogeny  of  a  species 
IS  given  by  the  shifting  of  this  normal,  or  center  of  "  organic 
stability  "  (to  use  Galton's  phrase)  not  in  all  the  variations  of 
the  successive  species,  which  are  more  or  less  different  in 
every  generation.  While  the  species  remains  stable,  the 
variations  tend  to  balance  and  correct  one  another  through  the 
operation  of  what  Galton  has  called  the  regression  to  medi- 
ocrity, while  a  material  change  in  the  position  of  the  normal, 
either  sudden  or  gradual,  results  in  the  formation  of  a  new 
species.  The  fact  that  the  variations  of  the  species  may  be  so 
arranged  as  to  form  a  complete  transition  between  them,  does 
not,  as  Bateson  very  pertinently  shows,  prove  that  the  actual 
change  was  along  the  lines  indicated  by  such  a  selected  series 
of  variations. 

Turning  now  to  the  examination  of  Bateson's  results,  we 
find  that  the  one  upon  which  he  lays  most  stress  is  the  proof  of 
discontinuity  in  variation.  "  The  existence  of  discontinuity  in 
variation  is  therefore  a  final  proof  that  the  accepted  hypothesis 
is  inadequate  ....  For  if  distinct  and  'perfect'  varieties 
may  come  into  existence  discontinuously,  may  not  the  discon- 
tinuity of  species  have  had  a  similar  origin  i  If  we  accept  the 
rtulate  of  common  descent,  this  expectation  is  hard  to  resist, 
accepting  that  postulate  it  was  admitted  that  the  definite- 
ness  and  discontinuity  of  species  depends  upon  the  greater 
permanence   or   stability   of   certain   terms  in    the   series   of 

descent.     The  evidence  of  variation suggests  in  brief 

that  the  discontinuity  of  species  results  from  the  discontinuity 
of  variation.  This  suggestion  is  in  a  word  the  one  clear  and 
positive  indication  born  on  the  face  of  the  facts.  Though  as 
yet  it  is  but  an  indication,  there  is  scarcely  a  problem  in  the 
comparison  of  structures  where  it  may  not  be  applied  with 
profit."  (p.  568). 

The  mammalian  phyla  do  not  support  this  view  of  discon- 
tinuity in  the  origin  of  species  and  genera.  Remembering 
that  the  significant  fact  in  the  history  of  a  group  is  not  so 
much  the  character  of  its  variations  at  any  one  stage  as  the 
gradually  shifting  positions  successively  occupied  by  the 
normal  or  center  of  stability,  we  find  that  any  mammalian 
series  at  all  complete,  such  as  that  of  the  horses,  is  remarkably 
continuous  and  that  the  progress  of  discovery  is  steadily  filling 


np  what  few  gape  gtiU  t'emain.  80  closely  do  tlie  succese'tTe 
stages  follow  iipon  one  another,  that  it  is  eometimes  extremely 
dimciilt  to  arrange  Ibem  all  in  order  and  to  dietin^isli  clearh 
tliose  members  which  belong  in  the  main  line  of  descent  ana 
tliose  which  represent  incipient  side-branches.  Some  phylo- 
^niee  actaatly  enfEer  from  an  embarrassment  of  riches.  In 
the  case  of  intimately  connected  formations,  which  foliov 
upon  one  another  with  Httle  or  no  brealc.  auch  an  the  Whit* 
Biver  and  John  Day,  or  in  tlie  Bucccesivo  strata  of  an  nDi&le^ 
riiptcd  horizon,  the  pro^re^s  of  this  normal  is  by  nlnioat 
imperceptible  gradations,  though  the  variatione  may  and  ofteo 
do  describe  a  wide  circle  around  the  normal  at  every  slagesf 
its  descent,  circles  which  have  a  striking  tendency  to  repett 
tbemEelves  in  the  enccessiTe  stages.  Disregarding  sidft 
branches,  such  as  Anchit/ifreum,  Hipparion  (probably)  and 
Hippidium,  the  eqnino  series  from  Uie  Eocene  on  consists  of  ' 
eight  well  detined  genera,  and  thongb  they  are  well  defined  in 
one  sense,  the  gradual  change  from  one  into  the  other  is  aimust 
withont  a  break.  The  same  is  trne  of  other  phyln  and  in  gen- 
eral the  continuous  natnre  of  a  phylnm,  as  at  present  known, 
is  apt  to  be  proportional  to  tlio  relative  abundance  of  its  repre- 
sentatives in  the  strata,  which  is  as  mnch  as  to  say  that  well 
known  series  are  continuous,  while  apparently  discoutinnona 
aeries  are  those  which  are  imperfectly  known.  Indeed,  the 
most  striking  fact  about  any  well  established  phylnm  is  the 
direclnei^s  of  \U  a<lvaiic'e  towiirds  itf-tiniil  goal,  ]i<iw-ever greatly 
or  in  however  many  different  directions  it  may  be  varying  at 
any  or  all  stages  of  its  history.  This  does  not  imply  that  a 
line  may  not  give  off  side  branches  or  may  not  bifurcate  into 
two  lines.  But  while  we  represent  such  ramifications  by 
branching  lines  in  our  genealogical  trees,  it  must  not  be  for- 
gotten that  eacli  of  the  branches,  considered  only  with  refer- 
ence to  itself,  forms  a  direct  line  from  ancestor  to  descendant. 
Continuity  in  the  advance  of  a  series  of  animals  is  not  pecu- 
liar to  mammals;  it  recurs  wherever  the  phyla  can  be  worked 
out  in  detail.  Thus  Waagen  says  of  Ammonites:  "Sehr 
haiifig  zeigt  sich  niimlich  oei  den  hierher  gehijrigen  Ammo- 
niten,  dass  mehrere  auf  einander  folgende  Schichten  Fornien 
ein  und  desselben  Bildiingstypns  beherbergen,  welche  einander 
&usserst  nahe  stehen,  die  mit  einander  naher  verwandtsind,  aL° 
mit  alien  Ubrigen  in  den  gleichen  Schichten  liegenden  Arten, 
bei  denen  endlich  nnr  bei  sehr  eingehenden  Studien  und  selir 
reichhaltigem  Materiale  endlich  Unterscliiede  gefunden  werden 
konnen,  die  sich  in  alien  Fallen  alsstichliattigerweisen.  SoWie 
Bildnngstypen  kann  man  oft  durch  eine  grosse  Zahl  von 
Schichten  hindurch  verfolgen,  aber  in  jeder  Schicht  zeigen  die 
Individuen  eine  von  den  vorhergebenden  und  nachfolgenden 
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etwas  abweichende  Gestalt ;  das  Ganze  bildet  eine  zusammen- 
hangende  Reihe,  die  man  am  besten  mit  dem  technigchen  Aus- 
drucke  '  Formenreihe '  belegen  konnte."  "Gewohnlich  sind 
die  Unterschiede  zwischen  den  einzelnen  Mutationen  urn  so 
minutioser,  je  inniger  verbunden  die  Schichten  erscheinen, 
denen  die  Stiieke  entstammen."* 

That  variations  are  often  discontinuous  may  be  freely 
granted,  without  at  the  same  time  admitting  such  discontinuity 
to  be  a  frequent  characteristic  of  phylotic  history.  On  the 
other  hand,  such  a  case  as  the  transformation  of  the  Texan 
species  of  Satumia^  when  taken  to  Switzerland  and  reared  on 
a  new  food-plant,  into  what  might  almost  be  called  a  new 
species,  is  a  remarkable  instance  of  the  possibilities  of  abrupt 
change  (Moritz  Wagner,  Die  Entsteh.  d.  Arten,  etc.,  Basel, 
1889,  pp.  307-310).  Though  the  results  of  palaeontology  are 
too  few  to  prove  a  negative,  they  strongly  suggest  the  advisa- 
bility of  caution  and  reserve  upon  this  point. 

II.  The  second  class  of  Bateson's  results  refers  particularly 
to  homologies.  As  these  require  somewhat  extended  consider- 
ation it  will  be  most  convenient  to  allow  the  author  to  state 
his  case  as  fully  as  the  limits  of  these  brief  notes  will  admit. 
"  Thus  to  compare  the  members  of  a  series  [i.  e.  of  repeated  parts 
or  organs]  containing  different  members  it  is  first  assumed  that 
the  series  consisted  ancestrally  of  some  maximum  number, 
from  which  the  formula  characteristic  of  each  descendant  has 

been  derived  by  successive  diminutions If  it  is  true 

that  each  member  of  a  series  has  in  every  form  an  individual 
and  proper  history,  it  follows  that  if  we  had  before  us  the 
whole  line  of  ancestors  from  which  the  form  has  sprung,  we 
should  then  be  able  to  see  the  history  of  each  member  in  the 
body  of  each  of  its  progenitors.  In  such  a  series  the  rise  of  an 
individual  member  and  the  decline  of  another  should  then  be 
nanifested "  (pp.  31-32).  Our  author  then  proceeds  to  give 
arge  numl)er8  of  cases  of  variations  in  the  number  and  cnar- 
icter  of  the  vertebrae  and  ribs,  of  the  teeth,  of  the  digits,  and 
»f  the  carpal  and  tarsal  elements,  which  he  believes  to  confirm 
he  view  of  homology  formulated  above.  The  consideration 
►f  the  vertebrae  and  ribs  will  be  ouiitted  here,  because  the 
lalseontological  evidence  as  to  these  organs  is  too  scanty  to  be 
.vailable,  the  number  of  altogether  complete  skeletons  of 
oeBil  mammals  which  have  been  found,  being  of  course  very 
imited. 

With  regard  to  the  teeth  Bateson  arrives  at  the  following 
u>nclusions :  (1)  Domestication  is  not  a  factor  in  causing  f re- 
ijuency  of  variation.     (2)  Dental  variation  may  be  symmetrical 

*W.  WaageD,  Die  Formenreihe  des  Ammonites  sabradiatus.  Benecke'a 
OeognoBt-PalflDontol.  Beitrage  6d.  II,  pp.  179-256. 
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on  the  two  sides  of  the  month  or  with  regard  to  the  upper snd 
lower  jawB.  but  much  more  fretjuently  ie  not  so.  (3)  In  maoy 
cases  uf  increased  number  of  teeth  it  appears  that  two  teeth 
in  the  variant  represent  one  in  the  normal  and  have  ariseQ  by 
the  division  of  a  single  tooth-germ.  (4)  Most  cases  of  numer- 
ical  variation  of  teeth  affect  those  standing  at  the  beginning  or 
ends  of  scries.  (5)  New  teeth  arising  in  particular  places 
have  R  more  or  less  constant  si;ce  and  the  size  of  such  a  tootli 
is  often  related  to  that  of  Adjacent  teeth  and  to  the  general 
curves  of  the  series.  (C)  The  teeth  next  to  which  new  ones 
arise  may  vary  in  correlation  with  them.  (7)  A  few  auM 
show  the  members  of  a  series  to  have  been  remodelled  so  that 
tlieir  supposed  individuality  has  been  lost.  (8)  Individuality 
should  not  be  attributed  to  members  of  a  series  which  has 
normally  a  definite  numlwr  of  members. 

The  results  of  the  examination  of  varying  digits  may  be 
summed  np  as  follows  :  (1)  The  frequency  of  digital  variation 
differs  greatly  in  different  animals.  (2)  In  particular  aniinaU 
the  variation  tends  to  approximate  particnlar  types.  (3)  The 
variation  may  affect  both  sides  similarly  and  simultaneously, 
though  usually  differing  in  degree  on  the  two  sides.  Similar 
and  simultaneous  varialious  frequently  occur  in  both  manoB 
and  pes,  though  rarely  identical  in  the  two.  (4)  When  a  digit 
is  added,  the  adjacent  one  may  be  modified  in  accordance  with  ■ 
its  new  place  in  the  series.  (5)  There  is  no  sharp  distinction 
between  the  duplicity  of  ii  given  dia;it  and  other  modes  of 
addition  to  the  series,  (fi)  l3igital  variation  ie  often  markedly 
discontinuons.  (7)  No  distinction  can  well  be  drawn  between 
those  variations  which  resemble  the  normal  condition  of  other 
animals  and  those  which  do  not. 

"The  attribution  of  strict  individuality  to  each  member  of 
a  series  of  repeated  parts  leads  to  absurdity  and  in  variation 
such  individuality  may  be  set  aside,  even  in  a  series  of  differ- 
entiated members.  It  appears  that  the  number  of  the  series 
may  be  increased  in  several  ways  not  absolutely  distinct,  thata 
single  member  of  the  series  may  be  represented  by  two  mem- 
bei-s,  that  a  terminal  member  may  be  added  to  the  series,  and 
also  that  the  number  of  the  members  may  change,  no  member 
precisely  corresponding  in  the  new  total  to  any  one  inemberof 
the  old  series ;  in  short,  that  with  numerical  change  result- 
ing from  meristic  variation  [i.  e.  variation  in  theoumberof 
repeated  ])arts]  there  may  be  a  redistribution  of  differentia 
tion."  (p.  570). 

These  are  most  important  and  far  reaching  conchi'siont. 
which,  if  established,  will  profoundly  modify  many  of  the 
current  conceptions  of  morphology.  That  they  follow  faif'j 
from  the  evidence  of  vaiiation  presented  in  the  body  of  the 
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work  must  be  admitted,  provided  only  that  the  fundamental 
aBsamption  upon  which  the  entire  argument  depends  be 
granted,  namely,  that  individual  variations  form  the  starting 
points  of  new  species. 

Let  us  now  proceed  to  examine  these  results  in  the  light  of 
palseontology,  confining  our  attention  principally  to  those  mam- 
malian phyla  whose  history  is  known  witn  some  degree  of 
completeness.      Little  confidence   may,   perhaps,   be  felt  in 
these  phyla  by  those  who  have  not  especially  studied  them  and 
it   may   be  imagined    that   more  complete    knowledge   will 
require  them  to  be  altogether  remodelled.     Granting  all  that 
may  be  said  with  regard  to  the  incompleteness  of  tiie  record 
and  the  danger  of  building  ambitious  hypotheses  upon  such 
narrow  foundations,  nevertheless  we  cannot  avoid  seeing  that 
several  facts  stand  out  clearly  and  are  not  in  the  least  likely  to 
be  overthrown  by  new  evidence.     A  certain  limit  of  error  in 
the  construction  of  phylogenies  is  established  by  the  order  of 
geological  succession.     So  far  as  the  lacustrine  Ijertiary  forma- 
tions of  North  America  are  concerned,  the  evidence  derived 
from  the  actual  superposition  of  strata  fails  at  onlythree  points. 
As  yet,    no  contact  between   the   Uinta  and  White  River, 
White  River  and  John  Day,  or  between  the  Deep  River  and 
the  Loup  Fork,  has  been  observed,  and  yet  in  all  these  cases 
indirect  evidence  of  almost  equal   cogency  is  available  and 
there  can  be  very  little  doubt  that  this  order  of  geological 
SQCcession  is  known  with  sufficient  accuracy.     This  order  being 
admitted,  there  is  no  room  for  any  very  radical  reconstruction 
of  the  phylogenies.     By  no  possibility  can  HyraGotheriura  be 
derived  from  Equus  or  Po'ebrotherium  from  Auchenia,  and 
whatever  changes  in  the  details  may  be  necessitated  by  further 
knowledge,  such  changes  are  not  likely  to  revolutionize  the 
inferences  to  be  drawn  from  a  study  of  the  phyla  as  now  con- 
stmcted.      Few   observers,   if   any,    would   now   uphold   the 
arrangement  of  the  equine  phylum  proposed  by  Kowalevsky, 
Qanriely,  Palceotherium — Anchitherium — Hipparion — Equns^ 
and  yet  it  is  surprising  to  see  how  the  general  character  of  this 
Series  and  the  inferences  as  to  the  modes  of  evolution  drawn 
from  it' agree  with  those  deduced  from  a  study  of  the  equine 
phylum  as  we  now  have  it.     Kowalevsky's   mistake   merely 
Consisted  in  putting  certain   representatives  of  side  branches 
into  the  main  line  of  descent  and  that  a  similar  error  has  been 
inade  in  phylogenies  now  accepted  is  not  at  all  improbable. 
Bat    the  correction   of  such  errors    will    change  the   general 
Insult  but  little  and  we  may  appeal  with  considerable  confi- 
<ience  to  the  inference  from  these  phylogenies. 


The  stud;  of  the  mammalian  ph^la  brings  out  a  numher  of 
facts  which  I  Lave  elsewhere*  endeavorca  to  eot  forth  sntt 
which  do  not  at  alt  agree  with  those  irifurences  drawn  by 
BatcsoD  from  an  examination  of  the  individual  variations  of 
existing  matamale.  One  is  greatly  temjited  to  conclnde  that 
the  two  ordera  of  facts  are  not,  bo  to  spoak,  commenBuraWe, 
ThuH,  BateEon  hesitates  to  attrihutv  to  any  one  the  explicit 
maintenitnce  of  the  thefiis  already  ynoted,  namely,  "  thai  B 
series  [of  part£  or  organs]  consisted  ancestrally  of  some  maii- 
mura  number,  from  which  the  formula  characteristic  of  each 
descendant  has  been  derived  by  gradual  diminatiun.  Here, 
again,  I  do  not  doubt  that  many  who  employ  this  assumptioa 
would  hesitate  to  malce  it  in  set  terms,  hut  nevertheless  it  is 
the  logical  basis  of  all  Huch  oalcnlationa."  The  inammaliaa 
palieontologist,  however,  need  not  hesitate  to  adopt  this  theeia, 
not  as  an  assumption,  but  as  an  infcrencis  from  many  facts  and 
to  dufend  it  with  a  great  nrray  of  evidence,  tliongh  alwajl  ■ 
remembering  that  nature  declines  to  submit  to  our  rigid  »jt-  j 
tema  and  in  such  matters  will  make  excepdone  to  modes  of  pro- 
codure  which  are,  on  the  whole,  remarkably  constant.  Tuna, 
there  can  be  very  little  doubt  that  the  nnroeTOUsnniform  teetb 
of  the  toothed  whales  are  not  primitively  simple  forms  inheri- 
ted from  reptilian  anccstore,  but  as  Zeui/lodon  iudief 
dentition  has  been  einiplified  and  greatly  increased  iw'A 
since  the  differentiation  of  the  order.  It  would  be  aX 
task  to  attempt  to  homologize  any  of  the  teeth  of  Delphinw 
with  those  of  Zeuglodon.  Kukenthal  has  suggested  with  much 
probability  that  the  numerous  teeth  of  certain  edentate  genera 

(— — ^j  have  been   derived  from  the  subdivision  of  complei 

molars  of  the  glyptodont  type.  These  facts,  so  far  as  they  go, 
agree  with  Bateson's  conclusions,  but  then  it  should  not  be  for- 
gotten that  they  are  very  exceptional.  Among  heterodont 
placental  mammals  there  is  but  one  case  known  as  to  which  it 
can  be  maintained  with  any  show  of  probability  that  it  bas 
developed  an  additional  tooth,  and  that  is  Otocyon.  Thourii. 
for  reasons  which  cannot  be  discussed  here,  I  believe  the 
fourth  molar  of  Oloeijon  to  have  been  added  since  the  se]wra- 
tion  of  the  canine  phylum,  we  cannot  attribute  much  weight 
to  this  case  until  the  history  of  the  genus  has  been  determined, 
for  it  is  quite  within  the  bounds  of  possibility  that  this  forrn 
has  retained  the  marsupial  formula,  not  reacquired  it.  Tbi^i' 
the    view   held    by  most    writers  on    the  subject.     The  vast 

•  On  [lie  O'iteolotry  of  Puebrotherium,  Joiirnfll  of  Uorphologj.  vol.  v,  pp.  1-'* 

On  llie  03leolo(ty  of  Mesohippiia  and  Leptomeryi,  Ihid..  pp.  301-406. 

Tlio  Mammalia  of  the  lleep  Itii-er  Ueds,  Trana.  Am.  Phil.  Soc.,  vol.  irii,  PP- 
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oritj  of  placental  mammals  have  another  mode  of  dental 
ution,  viz:  that  of  reduction,  the  ancestor  in  nearly  all 
8  having  a  larger  number  of  teeth  than  the  descendant, 
t  early  Eocene  representatives  of  all  the  placental  orders, 
jpt  the  rodents,  have  a  uniform  dental  formula,  i\  c\^p^^ 
<2  =  44,  a  maximum  which  is  never  exceeded.     Tracing 

various  phyla  down  from  their  Eocene  progenitors,  we 

that  in  nearly  all  cases  there  is  a  gradual  reduction  in  the 
iber  of  teeth,  never  (with  the  one  doubtful  exception)  an 
ease.  Throughout  the  history  of  the  phyla  we  may  and 
n  do  find  just  such  individual  variations  as  those  which 
38on  has  described,  of  abnormal  increase  or  decrease  in  the 
iber  of  teeth,  but  these  in  no  way  aflFect  the  march  of  snc- 
ive  species  and  genera,  as  indicated  by  the  character  of  the 
nal  or  position  of  the  center  of  stability,  a  march  which  is 
>6t  invariably  in  the  direction  of  reduction,  though  in  a 

cases  the  original  number  is  retained.     Wortman's  dic- 

:  "there  are  no  cases  known  to  me  in  which  teeth  have* 
I  added.     On  the  contrary,  I   am  firmly  of  the  opinion 

not  so  much  as  a  single  tooth  has  even  been  added  to  the 
lyodont  mammalian  dentition  in  the  course  of  development, 

that  specialization  has  invariably  gone  in  the  other  direc- 
,"  is  perhaps  too  strongly  expressed,  but  is,  on  the  whole, 
)orted  by  the  facts  of  palseontology. 
arther  than  this,  the  individuality  of  the  teeth  is  preserved 

remarkable  way.  One  tooth  may,  it  is  true,  assume  the 
1  and  function  of  another;  thus,  in  the  oreodonts  the 
\T  canine  has  taken  on  the  shape  and  character  of  the 
M)r8,  while  the  place  of  the  canine  is  assumed  by  the  first 
nolar,  which  has  become  caniniform,  but  as  this  tooth  bites 
nd  the  upper  canine,  these  changes  do  not  in  the  least  dis- 
B  the  homologies.  Whenever  the  successive  members  of  a 
ogenetie  series  have  been  recovered,  there  is  no  difliculty 
etermining  what  teeth  have  been  lost.  While  reduction 
lly  affects  first  the  ends  of  the  series,  it  does  not  always 
3.  For  example,  the  camels  have  retained  the  first  pre- 
ir,  though  losing  the  second.     Throughout  the  whole  his- 

of  the  Carnivora,  from  the  earliest  dog-like  forms  with 
.minished  dental  formula  to  the  cats,  in  which  the  cheek- 
1  have  been  greatly  reduced  in  number  {p  f ,  m  \)  the  indi- 
ality  of  the  sectorials  has  been  preserved.  These  teeth, 
n  present  at  all,  are  always  the  fourth  upper  premolar  and 
first  lower  molar.  This  invariable  homology  is  shown  both 
he  steps  of  the  reduction,  all  of  which  can  be  followed  in 
y  lines,  and  also  by  the  relation  of  these  teeth  to  the  milk- 
Dition. 


After  these  general  statements,  we  may  examine  Batceon'i 
conclusions  with  regard  to  the  teetb  somewhat  more  in  detail. 
(I)  The  effeets  of  domestication  are  of  coiiree  not  eignificant 
in  the  present  connection.  (2)  Dental  variation  is  more  coto- 
monly  unsyni metrical  on  the  two  Eide«  of  the  same  jaw  and 
with  reference  to  the  npper  and  lower  jaw?.  The  mammalian 
phyla  show  no  sneh  lack  of  ttymmetry  in  dental  rednction, 
though  the  upper  and  lower  jaws  do  not  necessarily  keep  pace 
with  each  other  in  this  respect.  At  any  sta<^  in  the  plivlam 
we  may  tind  individuale  with  such  uneymmetrical  dentition, 
but  they  are  always  rare,  the  normal  form  having  alinoet  invs- 
riubly  an  equal  number  of  teeth  on  the  two  sides  of  the  moath. 
The  only  exception  to  this  rule,  if  it  can  fairly  be  called  so,  \i 
to  he  found  in  the  minnte  incisors  of  Titanoiheriutn,  which 
are  on  the  point  of  disappearing  alto^ther  and  in  many  indi- 
viduals are  present  in  ditforent  numbers  on  the  two  sides  of 
the  jaws,  both  upper  and  lower,  but  whether  this  asymmetry 
characterizes  the  normal  of  any  species  has  not  yet  been 
determined. 

(;})  While  in  variation  two  teeth  in  the  variant  may  repre- 
sent one  in  the  normal,  being;  formed  by  the  division  of  ■ 
single  tooth-germ,  no  such  process  is  of  phylogenetic  signili- 
oance  in  any  of  the  heterodont  phyla,  except,  perhkm,  Uie 
true  whales.  As  a  variation  however,  it  is  not  nnknova 
among  fossils:  specimens  of  AmphU'i/on  have  been  described 
by  Sl'IiIosjjlt,  in  which  :i  fourtii  upptr  molar  is  preserved. 

(4)  Numerical  variations  in  the  dentition  usually  affect  the 
ends  of  series;  this  is  likewise  true  of  phylogenetic  reductions 
in  the  number  of  teeth,  but  certainly  does  not  apply  to  soci 
cases  of  increase  as  occur  among  the  Cetacea  and  Edentata. 

(5)  and  (d)  The  conclusions  as  to  the  character  of  new  teeth 
and  their  effects  upon  adjacent  teeth  have  no  application  totfie 
phylogenetic  history  of  any  of  the  heterodont  phyla  whose  his- 
tory is  known,  because,  as  we  have  already  seen,  such  tieir 
teeth  rarely,  if  ever,  arise. 

(7)  In  no  heterodont  group  has  any  such  remodelling  of  tlie 
dentition  oeenrreil  as  to  ob-iicHre  the  individuality  of  the  sepa- 
rate teeth. 

(H)  While  the  facts  of  variation  seem  to  show  "  that  indi- 
viduality should  not  ho  attributed  to  members  of  a  series  wliifl" 
has  normally  a  definite  number  of  such  members,"  the  factsof 
palifontoiogy  lead  t<)  a  diametrically  opposite  conclusion,  so  faf 
as  the  mammals  are  concerned,  though  there  is  no  reason  to 
maintain  (hat  such  individuality  is  fixed  beyond  possibility  « 
change.  It  further  seems  likely  that  such  individuality  i* 
more  or  lew  due  to  differentiation  and  is  less  distinctly  marked 
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series  of  repeated  parts  consisting  of  nnmerous  and  uni- 
I  members. 
I  considering  the  structure  of  the  extremities,  we  shall 

the  same  discrepancy  between  the  facts  of  variation  and 
B  of  phylogenetic  progress.  The  history  of  the  changes 
oot-structnre  has  been  worked  out  in  several  mammaban 
a  with  great  minuteness  of  detail,  palseontological  material 
g  particularly  rich  in  this  respect.  Just  as  in  the  case  of 
teeth,  there  is  a  marked  inaividuality  in  the  elements 
;h  compose  the  manus  and   pes,   an  individuality  which 

be  traced  unchanged  throughout  vast  periods  of  time, 
jed,  we  may  speak  with  perfect  propriety  of  the  history  of 
istragalus  or  of  the  third  digit  and  such  history  might  be 
ten,  for  many  groups,  with  much  accuracy  and  fullness, 
limits  of  phylogenetic  change  in  the  extremities  are  more 
owly  fixed  than  in  the  case  of  the  teeth.  Here  it  is  dem- 
rably  true  that  ^^  the  series  consisted  ancestrally  of  some 
imum  number,  from  which  the  formula  characteristic  of 

descendant  has  been  derived  by  successive  diminution." 
he  Cetacea,  however,  the  number  of  phalanges  has,  in  all 
►ability,  been  greatly  increased  beyond  that  found  in  the 
stors  of  the  order  and  in  the  Sirenia  the  same  process 
18  to  be  in  an  incipient  stage,  but  in  the  terrestrial  mammals 
B  is  no  such  increase  of  parts.  In  every  such  phylum  the 
me  ancestors  have  the  largest  number  of  carpal,  tarsal  and 
:al  members  and  from  these  the  successive  changes  are 
ys  by  means  of  the  gradual  diminution  and  loss  of  ele- 
ts,  partly  through  the  coossification  of  members  originally 
net,  partly  through  the  entire  suppression  and  loss  of  mem- 
These  changes  are,  as  has  been  said,  extremely  gradual 
rudiments  often  linger  a  very  long  time  after  they  have 
all  obvious  functionalimportance. 

may  be  objected  that  the  phyletic  series  haye  been 
nged  on  this  presupposition  and  that  a  different  arrange- 
t  would  bring  forth  a  different  result.  But  this  is  not  tne 
As  we  have  already  seen,  the  geological  order  of  sue- 
on  is  a  bar  to  any  wholesale  reconstruction  of  the  phylo- 
es,  and  I  know  of  no  case  in  which  there  is  any  reason  to 
ve  a  four  toed  genus  from  a  three-toed  genus.  Didactyl 
18,  it  is  true,  do  occur  in  the  Oligocene  and  upper  Eocene, 
laps  even  earlier,  as,  for  example,  Anoplotheinum^  Xipho- 
,  I)iplopu8^  Elotherium^  etc.,  but  these  are  all  types,  which 
reasons  independent  of  their  f^ot-structure,  we  must  regard 
3rminating  tneir  several  series  atid  as  having  died  out  with- 
leaving  any  descendants  behind  them.  That  exceptional 
«  of  the  addition  to  parts  to  the  extremities,  or  of  the  reac- 
rition  of  lost  elements,  may  hereafter  be  discovered,  is  quite 


possible,  bnt  they  have  not  been  foand  jet  and  the  large  n 
bei-  of  phyla  in  which  the  law  of  reduction  lias  been  demon- 
strated IB  evidence  that  this  law  represents  tlie  normal  method 
oi  procedure  in  the  linoe  of  descent  of  the  terrestrial  mammals. 

In  the  case  of  the  horses  we  may  trace  the  ^adual  reduc- 
tion of  tive  digitR  to  one  and  throughout  all  the  many  epeciee 
which  compose  this  great  line  there  is  no  lose  or  even  obscuring 
of  the  individuality  and  homology  of  the  parts  involved.  Noth- 
ing is  ever  added,  and  what  is  loet  disappears  gradually,  by  snc- 
cessive  well  recognized  steps.  The  phalanges  ^rst  dwindleand 
are  then  suppressed,  accompanied  by  the  distal  portion  of  tlie 
metapodials.  The  tatter  become  s|:Hint<bone8,  which  in  some 
cnsfs  shorten  to  nodules  and  then  vanish.  Last  of  all  the  change 
atlecte  thu  carpus  and  tarsus.  Ho  far  as  the  horse  ie  concerned, 
the  only  ]X)dial  element  which  is  actually  suppressed  is  the  trape- 
zium, but  in  the  tarsus  the  ankylosis  of  the  ento-  and  mesoco- 
neiforms  brings  about  a  Mimilnr  diminution  of  the  number  of 
separate  elements,  though  there  is  no  actual  lose  of  parU. 
While  the  lateral  digits  are  thus  gradually  dwindling  away,  the 
median  or  third  digit  is  being  gradually  enlarged  in  the  same 
proportion,  until  it  alone  bears  the  entire  weignt  of  the  body. 
This  change  reijuires  a  gradual  readjustment  of  the  carpal  uid 
tarsal  bones  to  the  altered  character  of  the  strains  transmitted  . 
by  them  and  all  of  these  transformations  may  be  followed  ^ 
step  by  step  in  the  successive  species,  In  the  ruininiints  and 
the  camels  analogous  changes  have  been  produced  in  the  same 
slow  and  steady  manner,  with  a  remarkable  directness  of  devel- 
opment, individual  variations  apparently  not  affecting  tfae  re- 
sult. 

If  the  facts  of  digital  variation,  as  Bateson  has  collected  tbem, 
possessed  any  real  phylogenetic  significance,  we  should  expect 
to  find  a  close  correspondence  between  these  facts  and  those 
exhibited  by  the  extinct  forms,  but  nothing  of  the  kind  is 
observable.  Indeed  the  utterly  different  character  of  the  two 
classes  of  facts  is  obvious  on  tne  most  superficial  coraparisoD. 
The  eases  of  polydactylisra  which  are  so  far  from  infrequent 
among  the  recent  horses,  demonstrate  their  radical  difference 
from  the  processes  at  work  in  the  phyletic  history  of  that 
species  by  the  fact  that  the  carpus  and  tarsus  in  such  cases  are 
unlike  those  of  any  normal  form  wliatever.  For  this  reason 
Gegenbaur  very  properly  refused  to  admit  such  cases  as 
examples  of  "  reversion." 

Examining  Bntcson's  conclusions  as  to  digital  variation  more 
in  detail,  wc  reach  the  following  results,  (1)  Tlie  frequencj 
of  digital  variation  diffei'S  greatly  in  different  animals;  the 
same  is  true  of  digital  reduction.  (2)  In  each  kind  of  animil 
variation  tends  to  produce  a  particular  type  of  structure,  which 
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18  observable  in  the  phyletie  series.  Upon  such  corre- 
lenees,  however,  little  stress  can  be  laid.  (3)  Digital 
tion  may  be  similar  and  simultaneous  on  the  two  sides, 
isnallj  differs  in  degree.  In  the  phyletie  succession,  on 
^ntrary,  there  is  no  such  difference  of  degree.  Indi- 
Js  may  and  do  vary  in  this  way  ;  the  normal  does  not,  but 
rs  keeps  perfect  symmetry  and  balance.  In  the  changes 
mus  and  pes  phylogenetic  change  agrees  with  variation 
3wing  a  certain  independence  in  the  two  extremities.  As 
3,  the  pes  changes  iirst,  while  the  manus  is  more  conserva- 
md  lags  behind,  though  sometimes  this  relation  is  reversed, 
e  there  can  be  little  doubt  that  in  the  earliest  mammals, 
their  reptilian  ancestors,  the  hand  and  foot  were  com- 
1  of  the  same  number  of  parts  arranged  in  the  same  way, 
1  all  the  lines  of  descent  there  has  been  a  constant  diver- 
3  from  this  condition,  though  the  correspondence,  even  in 
lost  highly  differentiated  forms,  is  still  remarkable.  It 
not  be  '^  necessary  to  suppose  an  independent  evolution 
he  legs  of  the  horse,  since  in  the  light  of  the  facts  of 
tion  it  is  as  easy  for  all  to  take  on  the  new  characters  as 
ae,"  (Bateson,  p.  27),  and  so  far  as  the  two  hind-legs  or 
wo  fore-legs  are  concerned,  this  agrees  with  the  facts  of 
volntionary  history,  but,  on  the  other  hand,  the  fore-  and 
legs,  not  only  of  the  horse,  but  of  nearly  all  other  mam- 
pursue  very  independent  ways  of  their  own.  Thus,  the 
le  HyrcLCotherium  had  four  digits  and  a  rudiment  in  the 
s  while  the  pes  had  already  been  reduced  to  three.  This 
styl  condition  of  the  pes  persisted  till  the  end  of  the 
3ne  by  which  time  the  manus  had  attained  the  same 
e  of  reduction,  and  in  the  next  change,  which  consisted 
)  diminution  of  digits  II  and  lY  to  splint  bones,  the  two 
mities  keep  equal  pace.  It  is  hardly  necessary  to  observe 
mch  independence  of  the  manus  and  pes  is  limited  and 
tioned  by  the  unity  of  the  organism  and  its  needs  as  a 

k 
'• 

and  (5)  When  a  digit  is  added,  the  adjacent  ones  may  be 
Sed  according  to  their  new  place  in  the  series.  There  is 
larp  distinction  between  the  duplicity  of  a  given  digit 
3ther  modes  of   addition    to   the  series.      These  results 

only  to  variations ;  in  the  phylogenetic  history  of  mam- 
new  digits  never  are  added,  by  doubling  or  otherwise. 

Digital  variation  is  often  markedly  discontinuous.  In 
istory  of  the  terrestrial  mammalian  lines  the  facts  lead  to 
ly  the  opposite  conclusion.  One  of  the  most  remarkable 
striking  features  in  the  reduction  of  digits  is  the  perfect 
ttuity  of  it ;  it  is  often  very  slow,  but  gradual  and  steady, 
ts  completion  is  of  ten  delayed  for  incredibly  long  periods 
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of  time.  Even  ffimiarlon  anil  the  modern  rhinocerosee  retain 
a  rndiment  of  tbo  fifth  metacarpftl,  though  in  neither  line  h« 
this  di^it  been  functional  since  the  Oligocene,  and  in  other 
Beries  eimilar  facts  have  been  observed. 

(7)  No  trustworthy  distinction  can  be  drawn  between  tbow 
variations  which  reeemble  the  normal  condition  of  other  Bpeda 
and  tliose  which  do  not.  Bateson  has  been  criticised  for  not 
making  this  distinction,  bnt  his  critics  have  overluokbd  tbff 
fact  that  he  has  discussed  the  question  and  shown  that  such  t 
discrimination  cannot  but  be  arbitrary.  Tbie  emphasizes  the 
difference  between  the  facto   of  variation  and  those  of  pbjl» 

lal  ever 


feuetic  change.  No  normal  form  of  extinct  mammal  ever 
oveloped  six  di^ts,  or  three  phalanges  on  pollex  or  hallux,  or 
four  cuneiforms  m  the  torsua.  The  poRsible  modes  of  conneo- 
tion  between  the  carpus  and  tarsus,  on  the  one  hand,  and  the 
metapodials,  on  the  other,  arc  strictly  limited  and  when  they 
change,  they  do  so  very  gradually,  allowing  every  step  of  tii 
way  to  be  identified.  The  change  from  what  Kowalevsky  bat 
called  the  "inadaptive"  to  tlie  "adaptive"  mode  of  ench  con- 
nection may  be  shown  to  have  ooourretl  independently  in  allri 
the  following  artiodactyl  groups ;  the  Pecora,  Tylopoda  (prob^ 
hly)  Tragulina  (probalily),  Suid<B  and  Oreodonlidte^  and  wbeii 
the  uhylum  has  been  completely  recovered,  the  change  is  inv»- 
riably  found  to  be  very  eradnal.  To  say  that  natDraTselectiofr ' 
has  permitted  only  certain  variations  to  persist,  eliminating  the 
othLTs,  is  si!n]>ly  tu  beg  the  whok'  (jUL'stioii  and  to  cLoat  oll^ 
selves  with  an  "explanation  "  which  is  only  an  assumption.  If 
variations  arc  actually  the  materia!  out  of  which  new  species 
are  made,  then  as  Bateson  well  shows,  the  "perfection"  of 
such  variations  is  not  the  work  of  selection.  The  study  of  » 
complete  phylum,  each  stage  of  which  is  represented  by  large 
numbers  of  individuals,  does  not  favor  such  a  view  of  enla- 
tion.  The  direct,  unswerving  way  in  which  deveh>pment  pro- 
ceeds, however  slowly,  is  not  suggestive  of  many  trials,  and 
failures  in  all  directions  save  one. 

If  we  may  express  in  one  sentence  the  most  strikingly  appar- 
ent difference  between  the  facts  of  variation  and  those  of  phv- 
logenetic  change,  it  will  be  found  in  the  comparatively  lawi«M 
and  uncontrolled  character  of  the  former.  Addition  of  parte, 
coalescence  or  subdivision  of  parts,  almost  anything  may  happen, 
and  if  the  facts  of  variation  are  "the  test  of  phylogenetic 
possibility"  then  sneh  possibilities  are  far  wider  and  If* 
rigidly  controlled  than  we  have  hitherto  been  accustomed  t" 
believe.  In  phylogenetic  change,  on  the  contrary,  we  are 
impressed  by  the  orderly  advance  toward  the  final  goali 
deviating  very  little  from  the  direct  line,  though  not  always 
progressing  at  the  same  rate.     By  this  it  is  not  meant  that  tbe 
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direction  of  advance  is  something  unalterably  fixed  ;  change  of 
direction  is  not  an  infrequent  phenomenon,  but  it  is  a  deflection 
of  the  path,  and  not  a  zig-zag  or  meandering  course  that  results. 
For  example,  the  true  ruminants  (Pecora)  were  at  one  time 
provided  with  formidable  weapons  in  the  shape  of  canine  tusks, 
which  the  hornless  forms  (e.  g.  Moschus  Hydropotes^  etc.)  and 
the  small-antlered  muntjalis  still  retain,  but  in  the  other  modem 
groups  the  development  of  another  kind  of  weapon  in  the  horn 
or  antler  has  been  accompanied  by  a  reduction  or  loss  of  the 
canines.  Chalicotheriumj  Agriochcervs  and  many  other  genera 
are  examples  of  a  change  in  the  direction  of  development 
originally  taken.  It  should  be  noted,  however,  that  when  such 
a  marked  deflection  once  occurs,  it  is  permanent  and  the  old 
course  is  never  regained.  Minor  deviations,  such  as  the  peculiar 
elbow-joint  of  Mesohippi(s^  may  be  eliminated,  but  even  this  is 
not  usual. 

How  are  we  to  reconcile  such  discordant  evidence  as  to  the 
modes  of  evolution  as  that  presented  by  the  facts  of  variation 
and  that  given  by  a  study  of  the  mammalian  pliyla  ?      The 
diflSculty  perhaps  lies  in  the  fundamental  assumption  that  indi- 
vidual variations  are  or  may  be  incipient  species.     Many  years 
ago  Waagen,  in  the  paper  already  quoted,  made  a  distinction 
wnich  has  found  little  favor,  but  which  may  yet  prove  to  be 
the  key  to  the  solution  which  all  morphologists  are  seeking. 
At  all  events  his  suggestion  is  worthy  of  serious  considera- 
tion.    "  Dabei  ist  nun  aber  wohl  zu  beriicksichtigen,  dass  die 
einzelnen,  in  den  betreffenden  Individuen  und  Schichten  zum 
Ausdracke  gelangten  Erscheinungsweisen  dieser  Formenreihe 
Oder  Collectivart  von  Varietaten  streng  zu  unterscheiden  seien  ; 
sic  eben  sind  die  Arten,  die  einerseits  zusammen  die  Collec- 
tivart bilden,  andererseits  aber  selbst  wieder  in  mehrere  Varie- 
taten   zerf alien    konnen ;    denn    es   lasst   sich    gewiss    nicht 
lengnen,  dass  jeder  dieser  Formen  in  dem  Zeitalter  in  welchem 
sie   auftrat,   eme   von   alien   mit  vorkommenden  wohl  unter- 
Bchiedene  Art  bildete.      Im  Verhiiltnisse  zu  der  friiher  vor- 
handenen  Form  des  gleichen  Bildungstypus  mag  die  spatere 
vielleicht  als  Varietat  erscheinen,  doch   ist  dann   das  etwas 

Knz  Verschiedenes  von  unseren  heutigen,  zoologischen  oder 
^tanischen  Varietaten,  welche  in  einer  und  der  gleichen  Zeit- 
periode  neben   einander  auftreten :    man   muss  daher  streng 
unterscheiden  zwischen  raumlichen  oder  zeitlichen  Varietaten. 
Um   jene   zu    beschreiben  wird  der  schon   lange   gebrauchte 
Kame  *  Varietat'  hinreichen,  fiir  diese  dagegen  moclite   ich 
der  Kiirze  halber  einen  neuen  Ausdruck  "  Mutation  "  vorschla- 
gen.    Die  Art  kann  also  an  und  fiir  sich  als  Art,  mit  Riick- 
sicht  auf  ihren   Zusammenhang   mit  friiheren  oder  spateren 
Tormen  aber  als  Mutation  aufgefasst  und  betrachtet  werden. 
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Aber  anch  in  Beziig  anf  den  Wertb  dieeer  beiden  eben  fert- 
geBtellton  BegriSe  (V'arietat  und  Mutation)  wird  sich  bcJ 
nahcrer  lletraclittitig  ein  ganz  verachiedener  Werth  Uerans- 
Btellon.  Wiihrend  die  erstcre  huchst  scliwatikend,  vod  geriagem 
syBtematiBebem  Werth  erecheint,  iet  letztere,  wenn  ancli  il 
minutiosen  Merkmalen,  bt'ichst  conetaDt,  stets  eicLer  wiedera 
erkennen ;  ee  ist  dcahalb  aucb  auf  die  Mntationen  ein  w«t 
griissere  Gewiclitzulegen,  sie  sind  selirbestiinmt  ziibezeicbnaa 
und  mit  grosser  Conseqnenz  festzabalten  "  (pp.  1S5-6). 
In  a  fonuer  paper  I  called  atteutrou  to  the  fact  tbat  the  liit- 
^Jon?  of  matnmahati  phyta  lends  some  enpport  to  this  vieir, 
"  Tb(^<i>e  facte  at  leiist  snggest  tbc  {K>s3ib!lity  that  indiiridaal 
variations  are  not  incipient  species,  but  that  the  causes  o{' 
transforniation  lie  deeper  and  act  with  considerable  uniformity 
upon  large  uumbei-s  of  Individaals.  It  may,  perhaps,  be  tne 
outcome  of  futnre  investigation  tliat,  while  vanatione  are  dn* 
to  the  anion  of  changing  hereditary  teiideneit^,  mntatioiiH  at4 
the  effect  of  dynamical  agencies  acting  long  in  a  uniform  war 
and  the  results  controlled  by  natural  selection.  While  thu 
may  be  true,  a  great  many  facts  moBt  bo  gathered  in  it«  suk 
port,  before  it  can  be  regaixiod  as  more  tlian  a  suggeEtion/^ 
"(Osteology  of  Mesobippiis,  loc,  cit.  p.  388,)  At  the  time  tbtiL 
passage  was  written,  no  very  great  importance  wae  attached  to 
the  saggefitioD  cootaincd  in  it.  At  present,  I  am  even  lot 
inclined  than  before  to  regard  "  Amphimixis "  as  the  principal 
source  of  individual  variation?.  But  with  regard  to  the  valid- 
ity of  the  distinction  between  variation  and  mutation  the  case 
stands  differently ;  Bateson's  results  as  compared  with  those  of 
pal £e ontology,  confirm  this  distinction  in  many  significant  waje 
and  emphasize  strongly  tbe  difference  between  variation  and 
tbat  steady  advance  along  certain  definite  lines  which  Waagen 
called  mutation. 

Neumayr  reached  the  same  conelusion  from  an  examination 
of  certain  gasteropod  phyla,  in  which  every  step  of  the  succes- 
sive changes  conld  be  followed  "Noch  andere  Eigenthiimlich' 
keiten  steilen  sich  ein,  welcbe  die  Mntationen  als  etwas  von  den 
Varietiiten  Verschiedenes  hezeichnen,  so  in  erster  Linie  dass 
in  der  Kegel  eine  bestimmte  Mutationsriehtung  in  jeder  Keibe 
vorhanden  ist,  indem  durch  eine  langere  Aufeinanderfolge  von 
Sehichten  bindurch  immer  dieselben  Charaktero  in  demselben 

Sinne  von  einander  abweichen Ein  anderer  hisweiien 

beobaehtetcr  P'all  von  grosser  Wichtigkeit  ist  der,  dass  die  ver- 
Echiedenen  Glieder  einer  Iteibe  Yariationea  derselben  Art 
zeigen ;  wiihrend  also  ein  Theil  die  Merkmale  gleichoiassig 
nach  ciner  Hichtung  im  Laufe  der  Zeit  mntirt,  zeigen  andere 
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Oharaktere  regellose  Abanderungen  und  jede  Matation   ent- 
wickelt  denselben  Varietatenkreis."* 

All  this  might  have  been  written  of  mammalian  phyla,  to 
which  it  exactly  applies.  Another  fact  of  general  application  is 
that  there  is  no  necessary  proportion  between  the  variability 
of  a  group  and  the  amount  of  mutation  through  which  it  passes. 
On  the  contrary,  such  groups  may  exist  substantially  unchanged 
through  long  periods  of  time,  but  being  nevertheless  extremely 
variable  in  all  stages  of  their  history.  Others  again  may  show 
little  variation  at  any  one  stage  and  yet  by  steady  advance 
experience  complete  transformation. 

This  mode  of  viewing  the  facts  of  development  may  be  ex- 
pressed by  an  analogy.  The  track  of  a  cyclonic  storm  is  deter- 
mined by  the  path  of  the  storm  center,  around  which  the  winds 
circulate,  blowing  in  every  direction.  These  circulating  winds 
would  represent  the  variations  which  occur  at  every  stage  in  the 
history  of  a  phylum,  while  the  course  of  the  storm-center 
would  represent  the  phylogenetic  change,  or  mutations.  Thus 
the  cycles  of  variation  tend  to  repeat  themselves,  though  the 
<jenter  around  which  they  revolve  has  a  course  of  its  own,  de- 
pendent, not  on  the  accumulation  of  these  winds  which  happen 
to  be  blowing  in  the  right  direction,  but  upon  factors  of  a  much 
wider  significance. 

I  am  very  well  aware  that  any  such  view  as  that  here  sug- 
gested is  opposed  to  many  facts  which  appear  to  show  that  the 
distinction  between  individual  variation,  variety,  species, 
geons,  etc.  is  one  only  of  degree  and  not  of  kind,  the  incon- 
stant differences  between  variants  being  very  much  the  same, 
and  often  greater  in  amount,  as  the  more  or  less  stable  differ- 
ences between  species.  As  every  one  knows,  it  is  often  most 
difficult  to  determine  the  bounds  of  a  natural  group  and  sys- 
tcmatists  differ  radically  on  such  questions.  But  the  problem 
is  one  as  to  factors  of  change.  The  distinction  between  var- 
iation and  mutation  does  not  necessarily  imply  an  objective 
reality  for  species  which  does  not  extend  to  variations ;  there  may 
be  snch  a  difference,  but  it  cannot  be  demonstrated.  What  is 
meant  is  that  the  march  of  transformation  is  the  resultant  of 
forces  both  internal  and  external  which  operate  in  a  definite 
manner  upon  a  changeable  organism  and  similarly  affect  large 
numbers  of  individuals.  That  phylogenetic  advance  does  not 
consist  in  the  selection  of  a  few  favorable  variations  out  of  a 
large  number  of  haphazard  changes,  is  irresistibly  born  in  upon 
the  student  of  real  phvla.  This  view  in  no  way  impugns  the 
importance  of  natural  selection  as  enunciatea  by  Darwin, 
though  of  course  it  is  irreconcilable  with  the  omnipotence  of 
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that  proceee,  snch  as  is  maintained  bj  Weismann  and  his  fol- 
lowere.  The  difficultieB  involved  in  this  theory  are  very  well 
brought  out  by  Bateson  who  says  that  it  "  asks  ns  to  abrogate 
reason."  The  particnlar  value  which  attaches  to  the  facts  of 
palieontology  in  this  connection,  is  that  they  give  ue  what  we 
have  every  reason  to  believe  are  the  actual  steps  of  dcBcent  in 
the  history  of  a  genus  or  specicB,  On  the  other  hand,  no  one 
has  ever  observed  the  birth  of  a  new  species  thrangb  the  grad- 
ual accumulation  of  individual  differences.  How  these  appar- 
ently contradictory  classes  of  evidence  are  to  he  reconc'lod 
must  ba  determined  by  wider  and  fnller  knowledge,  bnt  the 
way  to  obtain  such  knowledge  is  not  to  dogmatically  enunciate 
a  theory  and  then  refuse  to  consider  the  facts  which  do  not 
favor  it. 

Another  very  obvione  objection  to  the  mode  of  evolntion 
here  snggested  lies  in  its  apparent  appeal  to  a  mystical  direct- 
ing force  which  makes  for  differentiation  or  simplitieation,  as  tlie 
case  may  be,  tbo  nature  of  which  we  can  hardly  even  hope  t« 
learn.  Such  mysterious  forces  are  to  be  admitted  only  when 
there  is  absolntely  no  escape  from  them.  This  notion  of  i 
directii^  factor  in  evolntion  may  be  altogether  illusory  andyul 
it  is  dimcult  to  shake  it  off-  It  is  continually  reappearing  in 
one  form  or  another  in  the  writings  of  those  who  do  not  ex- 
plicitly acknowledtrc  it  and  are  peniaps  hardly  consciouB  that 
tlifir  views  imply  it.  Tiic  later  theories  of  Weicmnun  uecoiwi- 
tate  its  asfiumptioii  in  somt;  shape.  But  this  force  mav  after 
all  be  only  the  e;cpreseionof  some  general  law  which  has  not  vet 
been  fonnnlated,  but  if  it  be  real,  we  shall  not  advance  onr 
science  by  shotting  our  eyes  to  it.  We  have  then  to  endeavor 
to  learn  the  facts  of  nature  and  having  learned  them,  attempt 
to  explain  them.  Many  current  explanations  have  been  de- 
vised to  account  for  assumed  facts  and  these  we  can  afford  to 
neglect. 

In  making  the  sugji^estionB  contained  in  this  paper,  I  am  very 
far  from  desiring  to  propound  a  new  theorj'  of  evolation  or  to 
dogmatically  insist  upon  the  interpretations  of  the  facte  as 
given.  These  interpretations  profess  to  be  nothing  bnt  sug- 
gestions which  are  not  even  novel,  but  they  are  derived  from 
well  established  facts,  which  indicate  in  tbo  plainest  manner  tbat 
we  can  no  longer  assume  as  a  fundamental  and  seif-^?vident 
truth,  tbat  individual  variations  are  the  material  from  whieb 
new  species  are  constructed. 
Qeologlcal  Uuseum,  Prinivtoii  Callege,  Sept.  3,  1S!>4, 
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T.   LII. — An  lodometric  Method  for  the  Estimation  of 
Telluric  Acid;  by  F.  A.  Gooch  and  J.  Rowland. 

)oDtribution8  from  tbe  Kent  Chemical  Laboratory  of  Yale  College—xxxvii.] 

;n  his  valuable  and  extended  study  of  possible  volumetric 
thods  for  the  estimation  of  tellurium,  Brauner*  has  investi- 
ed  the  action  of  iodine  upon  an  alkaline  tellurite  and  finds 
t  the  oxidation  is  slow  ana  incomplete  at  ordinary  tempera- 
es,  while  at  100*^  C.  and  in  presence  of  a  suflicient  excess  of 
ine  complete  oxidation  takes  place,  though  the  difficulty  of 
[mating  the  excess  of  iodine  not  directly  utilized  in  the 
ction  IS  so  great  as  to  render  the  method  practically  inap- 
2able  to  the  determination  of  tellurium.  The  difficulty  m 
acting  oxidation  in  alkaline  solution  naturally  suggests  the 
ersal  of  the  reaction  in  an  attempt  to  reduce  telluric  acid 
the  action  of  hydriodic  acid  in  acid  solution.  Upon  put- 
2  the  matter  to  the  test  we  find  the  reduction  of  telluric 
a  does  take  place,  but  we  have  been  unable  to  prevent  its 
ng  too  far.  Thus,  on  boiling  a  solution  made  by  adding 
cm*  of  sulphuric  acid  of  halfstrength  and  3  grm.  of  potas- 
m  iodide  in  90  cm*  of  water  containing  a  little  more  than 

grm.  of  telluric  acid,  the  liquid  darkened,  deposited  dark 
y  crystalline  scales  and  evolved  iodine  which,  when  col- 
ted  and  titrated  with  sodium  thiosulphate  proved  to  be 
jnty  per  cent  in  excess  of  the  theoretical  yield  assuming 
t  the  reduction  should  result  in  the  production  of  tellurous 
i.  A  similar  experiment  made  in  like  manner  excepting 
t  the  liquid  was  heated  for  fifteen  minutes  in  a  closed  bottle 

the  water-bath  instead  of  being  subjected  to  boiling, 
h  the  idea  that  the  presence  of  the  free  iodine  might  tend 
prevent  excessive  reduction  of  the  tellurium,  indicated  a 
id  of  free  iodine  about  six  per  cent,  in  excess  of  what  it 
uld  be  if  tellurous  acid  is  the  sole  product  of  reduction. 

this  case  the  titration  of  the  free  iodine  was  made  by 
ium  thiosulphate  in  the  presence  of  the  reduced  tellurous 
i,  but  we  found  h^  independent  experiment  that  the  deter- 
lation  of  free  iodme  a«^sociated  with  tellurous  acid  may  be 
omplished  with  a  fair  degree  of  accuracy  provided  the 
ition  be  cold  and  dilute,  and  the  final  reaction  secured  by 
ling  the  thiosulphate  in  slight  excess  and  restoring  the  color 
raanently  by  standard  iodine.  Even  under  the  most  favor- 
e  conditions  the  tellurous  acid  is  somewhat  acted  upon  by 
ium  thiosulphate  even  before  the  free  iodine  is  entirely 
ached  and  the  reaction  in  the  reverse  titration  by  standard 
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potaseiiim  iodide  and  estimated  by  etandard  sodium  lliio«tit- 
pliate.  In  Iiimdliiig  the  larger  ninouiits  of  telluriniu  we  found  j 
it  desirable  to  make  tbe  preparation  of  the  telluric  acid  in  > 
the  distilling  tlagk  and  to  boil  out  the  oxygen  and  ozone  set 
free  in  the  preparation  before  proeeediDg  with  the  operation. 
The  apparatus  which  we  nsed  consisted  of  a  Voit's  ^s-waeli- 
ing  flask,  with  seaied-in  inlet  tube  and  ground-in  ontlet  tnbt 
used  as  the  distillation  flask,  to  which  was  joined  by  a  eealea> 
joint  the  inlet  tube  of  a  Drexe!  washing  bottle  to  the  outlet' 
tube  of  which  was  sealed  a  Will  and  Varrentrapp  absorption 
a|i])iiriitns.  The  washing  bottle  and  attached  bulbs  cuntained 
a  solution  of  S  grams  of  potassium  iodide  and  the  former  WM 
kept  cool  by  standing  it  uuring  the  distillation  in  a  vessel  of 
cold  water.  The  absorption  of  the  bromine  took  place  almoflt 
entirely  in  the  bottle,  only  traces  of  iodine  being  set  free  ift. 
the  bulbs.  Tbe  results  of  our  experiments  are  recorded  in  thS' 
accompanying  statement ;  Te=137,  0=  16. 
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The  results  of  experiment  agree  fairly  well  with  one  another 
and  with  theory  based  upon  the  assumption  that  the  atomic 
weight  of  the  tellurium  which  we  employed  was  127,  It  is 
evident  that  the  reducing  action  of  the  hydrobromic  acid 
developed  in  the  distillation  is  regular  and  that  that  agent  is 
well  adapted  to  the  reduction  of  telluric  acid  to  tellurous  acid. 
The  formation  of  tellurium  tetrabromide  in  the  concentrated 
acid  liquid  makes  it  impossible  to  tell  by  the  color  when  all 
the  bromine  has  been  distilled,  but  the  evidence  of  the  experi- 
ments goes  to  show  that  the  boiling  of  the  liquid  from  a 
volume  of  50  cm*  to  25  cm'  is  suflieient,  while  concentration 
from  100  cm'  to  20  cm'  apparently  does  no  harm. 
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.  LIII. — Resonance  Analysis  of  Alternating  Currents;* 
by  M.  I.  PuPiN,  Ph.D.,  Columbia  College. 

I.     Introduction, 

IE  preseDce  of  upper  harmonics  in  an  alternating  current 
3  is  a  fact  which  deserves  careful  consideration  both  on 
nnt  of  the  purely  scientific  interest  which  is  attached  to  it, 
also  on  account  of  the  technical  bearing  of  electrical  reso- 
le npon  the  construction  of  conductors  possessing  apprecia- 
listributed  capacity. 

lat  alternating  current  and  electromotive  force  waves  of  a 
great  variety  of  forms  can  be  produced  by  properly  design- 
;he  pole-pieces  of  the  field  magnet,  and  the  iron  core  of  the 
itnre  of  an  alternator  is  a  fact  nearly  as  old  as  the  discov- 
of  electromagnetic  induction.  Fully  as  old  is  also  the 
vledge  that  a  great  variety  of  alternating  current  and  elec- 
otive  force  waves  can  be  obtained  by  the  induction  of  an 
•mittent  current. 

careful  investigation  of  these  waves  was  first  made  more 
forty  years  ago  by  Lenzf  and  Koosen,:|:  who  employed 
nators  with  iron  in  the  armature.  They  plotted  these 
is  from  the  instantaneous  values  of  current  and  electromo- 
force  obtained  by  means  of  the  now  well-known  revolmng 
ng  contact.  Employing  the  same  method  of  investigation 
)ert§  showed  in  1880  that  the  electromotive  force  wave 
ined  from  an  eight  pole  Siemens  alternator  without  iron  in 
Lrnaature  is  very  nearly  a  sine  wave.  The  method  is  now 
?n  as  Jmiberfs  inethod  of  the  sliding  contact.  The  name 
licator  diagram  "  has  been  applied  to  the  wave  curves  of 
mt  and  electromotive  force  obtained  by  Joubert's  method, 
very  properly,  I  think,  because  they  do  very  clearly  indi- 
the  action  of  alternating  current  apparatus, 
ar  knowledge  of  the  action  of  alternating  current  apparatus 
>een  extended  quite  considerably  by  these  indicator  dia- 
ls. 

[though  much  must  be  said  in  favor  of  the  sliding  contact 
lod  01  obtaining  indicator  diagrams,  yet  it  must  be  also 
owledged  that  the  method  is  a  very  laborious  and  uninter- 
g  process  of  investigation.  Many  attempts  have  been 
s  to  devise  some  optical  or  some  automatic  method,  but 

ead  before  the  Annual  MeetiDj?  of  the  American  Institute  of  Electrical  Engi- 

at  Philadelphia,  May  17th.  1894. 

ogg.  Ann.  bcxyi.  p.  494.  1849;  zcii,  p.  128,  1854. 

)id.,  Ixxxvii,  p.  38G,  1852. 

omptes  Kendus,  vol.  xci,  p.  161,  1880;  Ann.  de  I'^le  super.  10,  p.  131, 
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with  little  Boecess.     There  is  another  reason  why  a  n 

of  stndying  alternating  current  waves  eeenis  desirable. 

this :  the  method  of  eliding  contact  ie  not  enfficiently  Benettitv  1 
to  detect  smaM  deviations  from  a  true  eine  wave,  and  conse-  i 
qaentlT  it  ie  not  capable  of  foHowinfi  np  the  cansee  of  tba« 
deviatione,  when  the  E^ffects  seem  to  be  absent.     For  inBtance, 
the  primary  current  of  a  transformer  can  differ  very  mnch 
from  a  trne  sine  form  when  t)ie  secondary  circuit  ie  open,  bat 
when  a  Urge  current  is  Howing  through  an  approximately  non-   ^ 
self-inductive  secondary  circuit,  then  the  primary  current  can  i 
bo  made  to  differ  inappreciably  from  a  true  sine  wave.    7^  I 
quegtion  arlurs  now,  tenai  becomes  of  thege  atuset  when  rt*  ] 
aecondary  carries  a  heavy  non-^df-inthictive  load  f 

This  qnestion  ib  of  deep  ecientitic  interest ;  it  is  also  of  con- 
siderable technical  importanoe.  For,  if  these  causes  are  present 
at  all  loads  and  only  hidden  by  the  principal  wave,  then,  con- 
sidering that  these  hidden  small  canses  can  produce  large 
effects  when  conditions  favoring  resonance  arise,  it  is  evident 
that  they  must  bo  carefully  watched  and  guarded  against  in 
the  constraction  of  lines  possessing  appreciable  distributed 
capacity.  I  do  not  think  that  indicator  diagrams  obtained  by 
the  method  of  sliding  contact  are  capable  of  giving  a  detiaite 
answer  to  this  important  question.  ■ 

The  method  of  analyzing  alternating  current  waves  by  eleeJ 
trical  resonimce  which  t  empiiiycd  in  the  following;  invefilipi-  ' 
tion  was  siigj^ested  by  irie  ;i  yeiir  ;ij;o.*  It  is  the  iiiijwt  of  tliis 
paper  to  describe  this  method  at  some  length  and  to  illustrate, 
by  some  of  the  more  definite  results  so  far  obtained  and  relating 
principally  to  the  causes  which  produce  distortions  in  simple 
harmonic  waves,  the  simplicity,  sensitiveness,  and  reliability  of 
the  method.  I  shall  also  point  out  that  this  method  of  reso- 
nance analysis  works  quite  satisfactorily  even  in  those  cases, 
alluded  to  above,  where  the  sliding  contact  method  would  in  all 
probability  fail  to  detect  any  distortion  whatever. 

H.      Description  of  the  Method. 

Consider  the  following  arrangement  of  circuits  : — The  non- 
self-inductive  resistance,  ah,  fig.  1*.  is  inserted  in  the  circnit  of 
an  alterniitor  A  and  the  primary  B  of  a  transformer.  In  slintit 
with  ah  is  a  circuit  acdh  consisting  of  an  inertia  coil  c  of  lai^ 
number  of  turns  of  copper  wire  of  low  resistance,  about  10 
ohms,  but  containing  no  iron,  and  a  mica  condenser  d  divided 
into  subdivisions  ranging  from  "001  M.F.  up.  In  shunt  with 
the  condenser  d  is  an  electrostatic  voltmeter  e.  The  sclf-indnc- 
tion  of  the  coil  c  can  be  varied  by  throwing  a  larger  or  a  smal- 
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er  Dtimber  of  its  sections  into  the  circuit.  The  resistance  can 
>e  varied  by  a  rheostat  /!  Suppose  now  that  the  self-induction 
d  c  is  kept  constant,  and  that  tne  capacity  of  the  condenser  d 
8  gradually  increased  from  zero  up.  Whenever  a  capacity  has 
>een  reached  which  with  the  self-induction  of  the  circuit  acdfh 


\\ 


!»». 


produces  resonance  with  one  of  the  harmonics  in  the  main  cir- 
uit  then  the  resonant  rise  of  potential  will  produce  a  large 
leflection  in  the  voltmeter.  In  this  manner  all  the  harmonics 
rhich  are  present  in  the  current  of  the  main  circuit  can  be 
[etected  in  the  course  of  a  few  minutes.  If  the  resonator  cir- 
uit  acdfh  is  placed  in  shunt  with  the  non-self-inductive  cir- 
uit  g  (this  circuit  is  represented  in  fig.  1*  by  a  line  beaded 
rith  asterisks  and  running  from  one  pole  of  the  alternator  to 
he  other)  consisting  of  a  bank  of  incandescent  lamps  then  the 
larmonics  of  the  impressed  electromotive  force  can  be  detected 
n  the  same  manner.  The  ratio  of  the  amplitudes  of  these  har- 
nonics  to  that  of  the  fundamental  can  also  be  determined  by  this 
nethod,  if  desirable^  provided  the  conditions  of  the  experiment 
ire  properly  arranged.  For  let  the  current  in  the  main  circuit  be 
a;=a^  sinp^-f-a,  sin  3/>^-f +^20+1  8in(2a+l)/)^-f  .  . 

:hen  the  drop  between  a  and  h  can  be  represented  by 
«=ft^  sinp<4-  ....  +^20  +  1  8in(2<ar-f  l)/?^-|-  . .  . 

where  ^2a  +  l=^2a+i^ 

md  T  =  ohmic  resistance  between  a  and  J.     Denoting  now  by  : 

L  the  self-induction  of  the  resonator  acdfha 
R  the  resistance 
C  the  capacity 


cc 


<( 


u 


then  it  can  be  easily  ehown*  that  the  cnrrent  in  the  resODator 
will  be: 


'4/{a«  +  i)yj^ 


I 


-+L^'  +  R' 


-8in[(2a  +  l)p(  +  <P],,i] 


If.  therefore,  the  capacity  0  is  adjUBted  in  such  a  way  tliat 
.   »  _L=0 

(2rt+i)yc 

then  the  circiut  will  be  in  reeonance  with  the  harmonic  of  f» 
qaeney  ^-^^ ;  and  if  L  is  snflSciently  large  and  E  sufficiently 

small  (two  conditions  wliich  are  very  easily  faltilled)  the  cur- 
rent y  will  in  general  to  within  a  small  fraction  of  a  per  cent 
'  e  given  by 

*!«+'     ■      , 
yt=      J.       Bin  {lOfhl)pt 

The  amplitude  of  the  potential  difference  in  the  condenser 
which  is  ineasnred  by  the  voltmeter  e  is  then  given  by 

_(2ft  +  l)pL  ^ 
-— -g »ia+l 

In  the  same  way  we  obtain  for  the  fundamental  frequency 


This  gives  the  ratio  of  the  amplitude  a^a  +  i  °^  the  harmonic  of 
frequency  ^-   f  Al?  to  that  of  the  fundamental.    Let  a=%  tben, 

P,     6,     a, 

The  voltmeter  readings  which  give  P,  and  P,  magnify  thi' 
ratio  live  times,  in  the  case  of  the  fifth  harmonic,  and  it  on 
be  easily  seen  that  a  similar  relation  holds  true  for  other  liw- 
monies.  Tliis  is  a  very  desirable  feature  of  the  method,  con- 
sidering that  the  amplitudes  of  the  upper  harmonics  are  gene^ 
ally  small  in  comparison  to  the  amplitude  of  the  fundamental, 
especially  when  tlie  secondary  circuit  of  the  transformer  carrie* 
a  load. 

•  For  further  infonoation  see  author's  paper  cited  above. 
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When  qaantitatively  very  accarate  resalta  are  desired  then  a 
ow  reeietBDce,  say  one  ohm,  shoald  be  nsed  for  the  section  ah 
od  an  electrometer  capable  of  giving  a  large  deflection  for  ten 
olts. 

2'he  principal  interest,  however,  in  the  study  of  the  diator- 
ion  oj  alternatiny  current  waves,  ia  centered  not  ao  mnch  in 
he  exact  ratio  of  the  amplitndee  of  theee  harmonics  to  the 
mplitude  of  the  fundamental  wave,  as  it  is  in  the  causes  pro- 
'ucing  these  harmonics  and  the  conditions  which  modify  the 
fecis  of  these  causes.  Hence  a  quantitatively  less  accurate 
rrangement  will  do,  provided  that  it  is  very  sensitive,  simple, 
id  easily  manageable.     Such  an  arrangement  is  given,  fig.  l*". 

It  differs  from  that  given  in  fig.  1'  in  the  substitution  of  an 
r  core  transformer  coil  a'b'  for  the  non-self-inductive  resist- 
ice  ai.  The  secondary  of  this  coil  forms  a  part  of  the 
;sonator  circuit.  For  every  harmonic  of  the  inducing  current 
e  shall  have  a  harmonic  electromotive  force  of  the  same  fre- 
aency  in  the  resonant  circuit.  By  varying  the  capacity  in  the 
tsonator  and  watching  the  voltmeter  needle,  we  can  tell  by 
le  deflection  of  the  needle,  whenever  we  have  reached  the 
ipacity  which  with  the  self-induction  of  the  resonator  brings 
lis  circuit  into  resonance  with  one  of  the  harmonica.  A  refer- 
Qce  to  fig.  2  will  explain  this  more  clearly. 
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In  this  figure  the  lower  horizontal  row  of  figures  refers  to  the 
:vo-peaked  curve ;  the  upper  row  refers  to  tlie  dotted  flat-peaked 


^^ 

w 

ilHIHIl 

curve. 

The  vertical  row  denotes 

the  voltmeter  readings  in  1 

volts. 

Consider  now  the 

two-peaked  curve.     It  expresses  the  1 

law  of 

variation  of  the  voltmeter  readings  when  the  capaeitj  | 

of  the 

reeonator  circuit  is 

varied  from  0  to  2  raicrofarade,  the  | 

nelMtidaction  beio?  kept 

constant. 

The  readings  are  recorded 

in  Table  I. 

Tablb  I 

Voltmeter  reudings 

ii]  microlMda. 

iD  voll». 

■18 

92 

•181 

ee 

^^^ 

■188 

78-5 

^^^^k 

.■IM 

79 

^^^^V 

•1B4 

86 

^^^^v 

•IM 

96 

^^^^^ 

■18B 

104 

^^^^v 

-187 

110 

^^^^v 

■1«8 

1-20 

^^^^^h 

■189 

126 

^^^^^1 

'190 

127 

^^^^H| 

•191 

185 

^^^^^b 

•194 

»9 

^^^^H, 

•198 

71                                   . 

^^^^K 

'303 

^^^^r 

1-115 

l-TO 

]-7r. 

120                                       1 
Uii 

1-897  96 

1-976  60 

The  voltmeter  employed  in  these  experiments  was  a  Sir  Wil- 
liam Thomson's  multicellular  voltmeter  with  a  range  from  60 
to  240  volts.  The  curve  was  obtained  from  a  10  II.  P.  Fort 
"Wayne  8  pole  alternator  "with  a  smooth  core  armature  feeding 
a  5  K.  W.  Stanley  transformer  (closed  magnetic  circuit),  tlie 
secondary  circuit  beluf^  open.  It  is  seen  that  resonance  took 
place  at  'ISO  M.  F.  and  l'»  M.  F.  The  capacity  of  the  inertia 
coil  c',  lig.  1''  and  of  the  voltmeter  as  gathered  from  all  experi- 
mental data  was  about  'Oil  M.  F.,  so  that  the  real  capacities  at 
which  resonance  took  place  were  '201  M.  F.  and  l^Sl  M.  F., 
that  is  in  a  ratio  to  each  other  as  1 : 3'.  It  will  be  seen,  how- 
ever, that  a  very  accurate  knowledge  of  capacity  is  not  required 
in  the  experiments  described  in  this  paper. 

The  frequencies  detected  by  the  two-peaked  curve,  which  I 
shall  call  the  resonance  diagram,  were  therefore  the  fundi- 
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nental  and  the  Ist  odd  harmonic,  that  is  the  harmonic  of  three 
!;ime8  the  frequency  of  the  fundamental.  The  resonance  dia- 
gram has,  of  course,  as  many  peaks  as  there  are  harmonics  in 
ie  inducing  current.*  The  dotted  curve  (flat-peaked)  in  fig.  2 
^as  plotted  on  an  enlarged  scale  from  the  readings  taken  in 
detecting  the  first  harmonic  represented  by  the  sharp  peak  of 
:he  resonance  diagram,  and  represents  this  peak  spread  out,  so 
is  to  show  how  the  various  readings  fit  into  a  well  defined  and 
symmetrical  curve  such  as  required  by  theory.  It  also  shows 
that  a  condenser  of  small  subdivisions  should  be  employed  in 
detecting  higher  harmonics. 

III.     Description  of  Mcperiments, 

The  resonance  diagram  obtained  by  the  method  of  fig.  1^ 
rives  the  number  of  harmonics  which  are  present  in  the  induc- 
ing current.  It  does  not  give  the  exact  value  of  the  ampli- 
tudes of  these  harmonics.  It  would  be  somewhat  premature  to 
discuss  the  theory  of  the  resonance  diagram  obtained  by  this 
arrangement  and  to  show  how  the  ratio  of  the  amplitudes  of 
the  harmonics  to  that  of  the  fundamental  frequency  in  the  in- 
ducing current,  that  is  the  exact  color  of  this  current,  could  be 
calculated  from  the  ratio  of  the  height  of  the  peaks  in  the 
resonance  diagram.  SuflSce  itf  for  the  present  to  mention  only 
that  the  peaks  of  this  diagram  represent  the  amplitudes  of  the 
harmonics  magnified  about  proportionally  to  the  square  of  the 
frequency.  For  instance,  the  resonance  diagram  of  fig.  2  tells 
08  that  the  amplitude  of  the  1st  odd  harmonic  in  the  inducing 
current  is  about  one-ninth  of  the  amplitude  of  the  fundamen- 
tal. The  determination  of  the  exact  value  of  this  ratio  was  not 
the  object  of  the  following  experiments.  2'hetr  aim  was  to 
detect  the  presence  of  harmonics^  to  trace  their  origin  and  to 
itvdy  their  variation  with  the  variation  of  the  load^  and  of 
other  variable  elements  of  the  circuit  on  which  these  harmonics 
seem  to  depend. 

Preliminary  Tests. 

In  order  to  form  an  estimate  in  how  far  the  experimental 
data  obtained  by  the  arrangement  of  fig.  1^  agreed  with  the 
theory  the  following  tests  were  applied  : 

*I  hare  neyer  detected  an  even  harmonic  in  alternating  current  waves  pro- 
duced bj  ordinary  commercial  alternating  current  apparatus,  and  conclude,  there- 
fore, that  these  harmonics  do  not  exist  in  such  cases.  For  asymmetrical  machines 
fliis  woold  obviously  not  hold  true.  Alternators  with  slotted  armatures  give 
vaves  |o  whidi  all  the  odd  harmonics  up  to  the  harmonic  of  nine  times  the  fre- 
raeDcy  of  the  fundamental  can  be  detected.  As  a  rule  the  first  odd  harmonic  is 
aeitroogeat 
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a.     Study  of  the  damping  effect  of  the  dielectric  in  the  eondemtt. 

Let  L  =  self-induction  of  the  reaonator  circuit. 
B  =  resistance  of  the  resonator  circuit. 
P  =  amplitude  of  llje  difference  of  potential  in  the  eondeuser 

when  point  of  resonance  hiia  been  reached  for  a  given 

frequency. 
E  =  amplitude  of  impressed  elect lomotive    force  in    the  rew- 

naiit  circuit. 

thon  according  to  tlieory  J 


Hence  if  R  alone  la  varied  P  will  vary  al^o  but  in  snch  a  wsy 
that 

P  R  =  constant. 

That  is  to  say  if  we  vary  tlio  resiatanee  of  a  resonant  circnit 
and  tabulate  the  voltmeter  deflection  for  every  particular  reeist- 
anee  and  then  plot  n  curve  taking  the  resistance  for  abscissae 
and  the  voltmeter  reading  far  ordinatee  we  should,  accordini 
to  theory,  obtain  an  equiftteral  Iiypeibola.  Curves  II  and  III. 
fig.  3,  were  obtained  in"  this  manner,  the  frequency  employe4 
waa  that  of  the  10  U.  P.  alternator,  that  is  130  p.  p,  s. 
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Table  IL 

Voltmeter  readings 

Voltmeter  readings 

Theoretical 

Resistance 

with  a  mica 

with  a  paraffin 

value  of  volt- 

in ohms. 

condenser. 

condenser. 

meter  readings. 

38 

183 

170 

225*6 

48 

165 

148 

178-6 

53 

144 

L37 

161-8 

58 

134 

128 

147-8 

63 

]25 

120 

136 

68 

1J8 

113 

126 

IS 

105 

101 

110 

88 

04 

91 

97-4 

98 

85 

83 

87-5 

108 

78 

76 

79-4 

118 

72-6 

70 

72-6 

128 

67 

65 

66-5 

138 

62 

60 

60 

The  experimental  data  from  which  these  curves  were  plotted 
are  given  in  Table  II.     Curve  II  was  plotted  from  voltmeter 
readings  obtained  with  a  mica  condenser,  Curve  III  represents 
the  corresponding  readings  obtained  with  a  paraffin  condenser 
and   given  in  the  third  column  of  Table  IL     Curve  I  repre- 
sents the  theoretical  curve,  that  is  the  curve  which  would  have 
been  obtained  if  the  law  of  variation  of  the  voltmeter  readings 
with  the  resistance  had  been  the  same  throughout  as  it  was  at 
low  readings.     On  account  of  the  damping  effect  due  to  dielec- 
tric viscosity  in  the  condenser  a  deviation   from  the  above 
mentioned  hyperbolic  relation  was  of  course  expected,  bnt  it 
was  quite  a  pleasant  surprise  to  iind  a  perfect  regularity  of 
these  deviations.     These  curves  indicate  a  rapid  increase  in  the 
dielectric  damping  with  the  voltage  and  also  tjie  superiority  of 
mica   to  paraffin,  especially   at  higher   voltages.      They  also 
suggest  that  at  low  voltages  and  frequencies  over  a  hundred 
periods  per  second  this  difference  between  the  two  substances 
becomes  less  and  less  marked.     It  was  also  found  in  a  similar 
way  that  the  damping  effect  of  the  magnetic  viscosity  of  iron 
is  small  at  low  magnetizations,  such,  for  instance,  as  would  be 
produced  by  a  telephonic  current  in  a  telephone  receiver,  and 
at  frequencies  which  are  well  within  the  range  of  higher  tele- 
phonic frequencies,  say  750  periods  per  second. 

Similar  curves  and  similar  results  were  obtained  with  higher 
liarmonics.  These  experimental  tests  show,  therefore,  that  the 
relative  values  of  the  amplitudes  of  the  harmonics  to  that  of 
the  fundamental  frequency  are  not  seriously  modified  by  the 
dielectric  damping  of  the  condensers,  especially  when  one 
operates  with  moderate  voltages  as  was  the  case  in  the  follow- 
ing experiments. 

Am.  Jour.  Sol— Tsibd  Sbbibs,  Vol.  XLYIII,  No.  287.— Not.,  1894. 
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This  test  is  represented  graphically-  by  diagram  fig.  4.  Two 
transformers  C  nnd  D  liad  tlieirsecondariescoiinectedtn  series. 
The  primary  of  the  air-core  transformer  E  fonned  part  of  their 
circuit.  The  Becondar;  of  ttie  traiisforiner  £  was  a  part  of  the  . 
reaoEiator  F.  The  transformer  C,  a  Stanle;  6  K.W.  (elosel  J 
inagnetic  eircnit),  wae  fed  by  the  10  H,  P.  alternator  mentioned  ' 
iiliovu  (130  p.  p.  s.),  the  trausfornior  D  of  induction  c-oi!  lype 
Willi  a  cvliridriciil  core  of  tine  iron  wire  was  fed  by  a  1  H.  P- 
aJternator  with  slotted  armature  (278  p.  p.  e.)  Botli  altematots 
were  run  simultaneously  at  full  excitation.  First,  the  priniarj 
circuit  of  the  large  alternator  was  broken,  so  that  the  current 
in  the  circuit  CDE  was  due  to  the  action  of  the  small  machine 
alone.  The  resonator  detected  a  resonant  rise  of  240  volts  at 
capacity  -407  M.  F.  and  another  of  150  volts  at  capacity  'Oil 
M.  F.  These  were  evidently  the  fnndamental  and  the  first 
odd  harmonic.  Then  the  circuit  of  the  small  inacliiue  was 
broken  and  that  of  the  large  machine  closed,  so  that  the  cur- 
rent in  the  resonator  was  due  to  the  action  of  the  lar^e  machine 
alone.  The  resonator  detected  a  resonant  rise  of  220-1  volts  st 
capacity  1'78  M.  F.  This  corresponded  to  tlie  fundamental 
frequency  (130  n.  p.  8.)  of  the  large  machine.  Finally  both 
circuits  were  closed,  so  that  the  current  in  the  i-esonator  wai 
due  to  the  simultaneous  action  of  the  two  machines.  The  same 
resonant  rises  of  potential  were  detected  by  the  resonator  and 
at  the  same  capacities  as  before,  in  perfect  agreement  with 
theory. 

This  experiment  afforded  another  opportunity  of  testing  the 
theory  which  underlies  this  resonance  method  of  studying  the 


S.  F.  Peckham — Origin  of  Bitumens.  389 

wave  curves  of  current  and  electromotive  force.  It  is  this :  If 
two  or  more  electromotive  forces  of  different  frequencies  are 
impressed  upon  the  resonator  circuit  and  their  resonant  rises  of 
potential  are  determined  for  a  given  resistance  in  this  circuit, 
then  according  to  theory  the  ratio  of  these  rises  should  remain 
the  same  for  all  other  resistances  within  the  limits  within 
which  the  periodicity  of  the  circuit  is  practically  independent 
of  the  ohmic  resistance.  Accordingly,  the  resistance  of  the 
resonator  F,  fig.  4,  was  varied  gradually  from  100  to  250  ohms 
(the  self-induction  of  inertia  coil  in  the  resonator  circuit  was 
about  '75  Henrys)  and  the  resonant  rises  of  potential  produced 
by  the  fundamental  frequencies  of  the  two  machines  (130  and 
278  p.  p.  8.)  were  carefully  determined  for  each  particular  resist- 
ance. The  ratio  of  these  rises  remained  constant  to  within 
five  per  cent  but  the  deviations  were  now  in  one  direction  and 
now  in  the  other.  They  were  undoubtedly  duo  to  the  varia- 
tion in  the  excitation  and  the  speed  of  the  small  machine,  both 
of  which  depended  on  the  potential  of  the  electric  mains  of 
the  College  plant  which,  of  course,  could  not  be  kept  very  con- 
stant for  so  long  an  interval  of  time  as  is  necessary  for  this  ex- 
periment, which  was  about  15  minutes. 

These  preliminary  experimental  tests  demonstrate  clearly 
that  a  resonator  of  the  type  given  in  fig.  1^  is  quite  capable  of 
detecting  all  the  frequencies  that  may  exist  in  an  alternating 
current  wave,  that  its  indications  are  in  good  agreement  witn 
the  theory  as  far  as  the  fundamental  frequency  is  concerned 
and  that  it  gives  a  fairly  approximate  idea  of  the  relative 
strength  of  the  harmonics. 

(To  be  contiDued.) 


Abt.  LIY. — On  the  Origin  of  Bitumens.     A    Retrospect^ 

by  S.  F.  Feckham. 

It  is  now  nearly  thirty  years  since  I  first  directed  my  atten- 
tion to  this  subject,  and  during  this  long  period  of  time  the 
discussion  of  the  question  has  proceeded  along  the  same  lines 
that  were  quite  clearly  outlined  in  1868.* 

The  chemical  theories,  notwithstanding  the  ability  with 
which  Mendeljeff  treated  this  aspect  of  the  question  in  1877,t 
are  at  present  receiving  very  little  attention  and  will  be  passed 
by  witliout  further  notice.     In  this  connection  may  properly 

*  Proc.  American  Phil.  Soc,  z,  446 ;  Rep.  Geol.  Sur.  Cal.,  Greology,  II;  Appen- 
dix, pp.  73-90. 

f  BuU.  Soc.  Ghem.  de  Paris,  i,  601;  Buer.  d.  Deut.  Ohem.  Ges.,  1877,  p.  229  ; 
Wag.  Bar.,  1877,  p.  1037. 
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be  included  the  idea  that  poIymerizatioD  has  plaj'ed  any  i 
importaDt  p»rt  in  the  formation  of  uatural  bitiiinens;  an  idfli'] 
that  hae  lately  heen  so  ably  discussed  by  Prof.  Ilenrj  WTirtt*J 

The  organic  origin  of  bitamena  may  therefore  at  present  b».'' 
uccepted  as  practiciilly  mid'Bpiited.     The  question  then  reciire, 
are   bitumens   diBtillates   or  are  they  indigenous  in  the  rock 
formations  in   which   they  are  found — in  other  words,  have 
they  been  produced  in  sifu  ? 

Twelve  years  ago,  when  prepariuff  the  essay  on  the  Origin 
of  Bitumens  which  forms  a  part  of  my  report  to  the  lutli 
Census  of  the  United   States,  I  wrote,  that  the  derivntiori  of 
bitumens  had    not    in   my   judgment   been    uniform.      That 
opinion   took  form   in   my  own  mind  as  a  growth  which  was 
determined  by  many  years  of  thought  and  a  wide  experience. 
This  experience  began  with  a  very  careful  study  of  all  tlie  phe- 
nomGiia   attending   the   occurrence   of  bitumen   in    Southern 
California  daring  1865-6,  and  the   preparation  of    a  reiwrt 
npon  the  same  for  the  Geological  Sarsey  of   California.    I 
left  California  fully  convinced  that  petroleum  was  of  animal 
origin  and  formed  in  si'tti.     Soon  after  I  had  returned  to  the 
Atlantic  coast,  I  met  Dr.  J.  8,  Newberry  in  his  office  in  New 
York  and   with  Baron  v.  Koschkull  held  a  long  conversation 
npon  Russian  and  American,  netroleum  and  incidentally  npon 
their  origin.     Dr.  Newberry  tnen  for  the  first  time  awakened 
my  interest  in   tbc  distillation  hypothesis  and  based  bis  ari;Q- 
ment  upon  the   results  that   had  been   obtiiiricd   in   tecliLiical 
operations  in  Ohio  in  the  distillation  of  coals  and  shales  prior 
to  the  discovery  of  petroleum  in  Pennsylvania,     The  zrga- 
ment  is  all  to  he  found  in  his  celebrated  paper  on  "The  Rcict 
Oils  of  Ohio";t  but  no  one  could  resist  the  persnasive  elo- 
quence with  which  he  developed  the  idea  of  that  vast  Sargossa 
sea   that,   gathered    in     the   Devonian   ocean,    produced  liie 
Devonian  shales  from  which   the  petroleum   of  eastern  Ohio 
and   western   Pennsylvania   was    distilled.      His    speculation 
stopped   at  this  point,   with  the  idea  that  the  oils  were  distil- 
lates. ; 
]-ater,  1  was  for  a  time  in  frequent  intercourse  with  Cyrui     j 
M,  Warren,  whom   we  all   remember  with  so  much  affection.      | 
lie  described  to  mc   in  great  detail  the  experiments  he  had 
made  by  saponifying   menhaden   oil   with  lime  and  distilliiifl 
the  lime  soap.     The  amount  employed  was  several  tons,  aiid 
he  obtained   the  distillate  in  such   quantity  that  a  part  wa* 
refined  into  illuminating  oil,  and  the  remainder  was  fraction- 
ated  in   Warren's  apparatus.      In   fact,  the   experiment  was 
made   fur   tecbiiiea!    purposes:  bat   the   results   are   only  of 

•  KiiKinecrinK,  vnrioiia  dates. 

fOliio  Agricultural  Keport,  1859,  p.  605. 
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interest  since  the  discovery  of  petroleum,  for  scientific  pur- 
poses. This  distillation  yieldea  the  hydrides  of  the  mon- 
atomic  alcohol  radicals,  and  benzole  and  its  homologues. 

Later,  Luther  Atwood  constructed  a  sort  of  kiln  in  the  form 
of  a  tobacco  pipe.  The  bowl  held  several  tons  of  Cannelton 
cannel  coal.  A  lire  was  kindled  on  top  of  the  coal  and  the 
draft  was  urged  by  a  jet  of  steam.  In  this  apparatus  distilla- 
tion proceeded  of  necessity  at  the  lowest  possible  temperature, 
the  products  of  combustion  expelling  all  the  volatile  matter  as 
the  combustion  proceeded  downward.  The  distillates  more 
nearly  resembled  petroleum  than  any  that  had  been  produced 
by  methods  of  distillation  previously  employed,  apparently, 
because  the  distillation  proceeded  at  the  lowest  possible  temper- 
ature. 

While  this  subject  engrossed  my  thoughts  I  was  led  to  con- 
sider the  occurrence  of  bitumen  in  veins.  I  read  reports  on 
Grahamite  and  Albertite  and  Cuban  asphalt  and  they  all 
seemed  to  me  to  be  distillates  that  were  injected  into  crevices 
that  resulted  from  an  upheaval  of  the  crust  of  the  earth.  At 
that  time  I  had  never  visited  the  locality  where  Grahamite 
occurs,  but  I  had  seen  the  masses  of  asphaltum  of  vast  extent 
that  occur  on  the  Pacific  coast.*  No  one  who  has  seen  them 
doubts  that  they  were  injected  into  earthquaks  crevices.  I 
made  this  question  the  subject  of  a  communication  to  this 
Journal  and  years  after,  I  had  the  pleasure  of  a  careful  inspec- 
tion of  the  locality  in  which  the  Grahamite  was  obtained  and 
talked  with  the  men  who  mined  it  out.  I  saw  nothing  there 
that  led  me  to  question  for  an  instant  the  relation  of  the  Gra- 
hamite and  Albertite  veins  to  the  other  veins  of  bitumen  and 
also  to  petroleum. 

But  distillation  requires  heat  and  the  source  of  heat  occa- 
sionally occupied  my  thoughts.  No  satisfactory  conclusion 
was  reached  upon  this  point  until  one  afternoon  I  met  two  of 
the  men  who  helped  drill  Jonathan  Watson's  deep  well.  They 
told  me  their  storv  all  unconscious  of  what  it  meant  to  me. 
They  said  they  drilled  through  all  of  the  oil  sands  and  struck 
the  soapstone  (Devonian  shale)  and  kept  on  with  the  intention 
of  reaching  the  limestone  (corniferous  limestone)  which  they 
believed  they  struck  at  the  bottom  of  the  well,  just  as,  for 
some  reason,  the  work  was  suspended  and  never  resumed. 
They  said  the  "soapstone  "  became  harder  as  they  went  down 
and  was  redder  in  color,  in  fact  had  been  burnt  like  brick. 
Their  language  at  once  recalled  the  metamorphosed  shales  that 
are  so  abundant  in  Santa  Barbara  (now  Ventura)  county,  Cal., 
that  are  often  as  sonorous  as  porcelain.  One  day  not  long 
after,  to  wile  away  a  few  moments  while  waiting  for  a  friend, 

•This  Joanial,  II,  xlviii,  p.  362;  Am.  Journal  of  Gas  Lighting,  xi,  p.  164. 


I  took  from  a  library  elielf  Prof,  iramos  Hall's  report  on  The 
Geology  of  New  York,  and  glancing  at  the  introduction,  m; 
eye  fell  upon  hie  clear  deauription  of  the  trend  of  the  currenU 
in  the  Silurian  ocean.*  First  came  Newberry's  SargossaSea, 
which  formed,  when  buried,  one  thonsand  iact  of  shale,  so 
filled  with  fiicoidB  that  where  the  shales  outcrop  at  Erie.  Pi, 
it  is  impossible  to  obtain  a  piece  of  appreciable  size  that  does 
not  contain  a  seaweed.  On  visiting  Erie  and  talking  the  mat- 
ter ovur,  I  found  that,  at  the  time  tlie  distillations  of  coal  were 
made  in  southern  Ohio  with  which  Dr.  Newberry  was  familiar, 
attempts  htid  also  been  mtido  to  utilize  the  Erie  aliale  ss  t 
source  of  ilhiminatino;  oil,  and  fifty  gallons  of  distillate  to  the 
ton  had  boen  oblaineu. 

The  idea  of  metamorphism  as  a  source  of  heat  {irew  apace 
— heat,  steam  and  pressure  and  unlimited  qiiautities — ciibii? 
miles — of  materinl  on  which  to  act.  I  had  been  familiar  wiili 
the  anthracite  of  Bho<]e  Island  from  boyhood,  and  with  the 
crystalline  schists  of  eastern  New  England.  I  had  been  down 
in  the  coal  mine  at  Portsmouth  on  the  island  of  Rhode  Idand, 
and  had  seen  the  immenRo  chambers  from  which  the  coal  liad 
been  mined.  All  traces  of  bedding  bad  disappeared,  aud  the 
coal,  almost  graphite,  had  boon  seggrogatod  into  masses  almost 
spherical  and  connected  only  by  h  uireud,  by  which  tlie  miners 
traced  the  coal  from  one  mass  to  another.  - 

At  the  Palisades  the  molten  interior  maes  ha8  punctured  the 
surface.  Through  eastern  Pennsylvania  the  coal  is  meta- 
morpliosed  into  anthracite.  At  Saint  Mary's,  where  thePliila- 
delphiaand  Erie  railroad  crosses  the  summit  of  the  Alleghantes. 
the  coal  is  semi-anthracite.  In  the  most  easterly  county  of 
Pennsylvania  in  which  petroleum  is  obtained — McKean  county 
— the  petroleum  occui-s  at  a  depth  of  two  thousand  feet  under 
a  pressure  estimated  at  four  thousand  pounds  to  the  square 
inch  and  filled  with  paraffine,  just  as  it  ought  to  be  if  produced 
by  metamorphism.  Farther  west,  the  petroleum  becomes 
lighter,  until,  at  Smith's  Ferry,  it  is  almost  burning  oil  in  its 
natural  state.     The  products  of  distillation  are  all  present  in 

£  roper  scmience  along  the  entire  line  from  Point  GaP|)i  to 
ookout  Mt.,  and  the  porous  saTid  bars  and  pebbly  riffles, 
formed  by  the  currents  of  the  primeval  ocean,  are  now  filled 
with  the  oil  because  they  afford  a  receptacle  adequate  to  receive 
and  store  the  vast  accumulations  of  distillate. 

Now,  while  I  have  received  many  very  pleasant  and  favor- 
able comments  upi)n  the  provisional  hypothesis  which  I  ven- 
tured to  propose  in  my  Iteport,  to  the  10th  Census,  I  have  for 
some  time  had  a  critic  who  seems  to  partly  disagree  witJi  me.^" 

•  Mat.  Hist   > 
+  Rup.  lOlh  C 
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ly  friend,  Prof.  Orton,  has  in  tlie  kindest  manner  shown  that 
1  Ohio  there  is  no  evidence  that  any  rocks  are  changed  by 
letaiDorphic  action.  While  I  do  not  for  a  moment  think 
Vof.  Orton  ever  intended  to  be  unjust  to  any  one,  I  do  think 
e  has  hardly  given  either  Dr.  Newberry  or  myself  the  position 
bat  belongs  to  us.* 

Wise  men  hold  any  theory  tentatively,  no  matter  what  it 
lay  be.  When  Dr.  JNewberry,  in  1859,  proposed  to  account 
or  the  origin  of  petroleum  by  considering  it  to  be  a  distillate, 
ery  little  was  known  concerning  the  occurrence  of  rock  oil 
ompared  with  our  present  knowledge.  When  I  prepared  my 
ssay  for  the  Census  Report  the  Trenton  limestone  was  almost 
Q  unknown  factor  in  the  production  of  petroleum ;  yet, 
nongh  was  known  concerning  its  occurrence  with  oil  in  the 
^vities  of  its  fossils,  to  lead  Dr.  T.  Sterry  Hunt,  in  the  same 
lanner  as  other  local  observers  ;  to  conclude  that  all  petroleum 
riginated  in  limestone,  in  situ,  and  that  the  Trenton  lime- 
;one  was^ar  excellence  the  home  of  petroleum.f  As  I  have 
lid  before,  when  I  left  California  in  1865,  with  the  positive- 
ess  born  of  observation  within  a  limited  horizon,  I  was  ready 
>  declare  that  petroleum  was  formed  by  the  decomposition  of 
568il  animals.  I  first  wrote  the  paper  read  at  the  meeting  of 
16  National  Academy  of  Sciences  at  JMorthampton,  in  1867, 
laintaining  that  narrow  view;  but  I  afterwards  included  veg- 
table  remains  as  a  precaution.^  It  has  been  many  times 
emonstrated  that  each  observer  may  be  correct  as  to  his  own 
>cality  and  wrong  as  to  others ;  yet,  when  the  consensus  of 
pinion  has  been  reached,  the  symposium  m  ly  have  presented 
many-sided  question  from  many  points  of  observation,  and 
•nth  may  be  discerned  in  the  midst. 

I  therefore  repeat,  that  iu  my  judgment  the  derivation  of 
etroleum  has  not  been  uniform.  Let  it  be  admitted  that 
ae  earliest  horizon  of  petroleum  is  the  Trenton  Limestone,  in 
rhich  petroleum  is  indigenous,  having  been  formed  by  some 
ecnliar  sort  of  decomposition  from  animal  remains  at  the 
ottom  of  a  deep,  excessively  hot,  and  saline  sea.  If  any  one 
an  prove  that  the  Trenton  Limestone  extends  beneath  eastern 
)hio  and  western  Pennsylvania,  lying  beneath  the  Devonian 
hales,  I  am  not  prepared  to  dispute  the  assertion  that  the 
lifferent  varieties  of  petroleum  found  in  that  region  have  been 
ractionally  distilled  irom  the  content  of  the  limestone  rocks, 
mried  from  three  to  four  thousand  feet  beneath  the  present 
orface.  I  am  confident  that  the  heat  required  was  to  be  found 
tt  the  gradual  dying  out  of  the  heated  area  which  involved  the 
Appalachian  System.     Accompanying  this  distillation,  and  a 

♦  Rep.  Geol.  Suit.  Ohio,  vi,  p.  60-83. 

f  This  Jouroal,  11,  zxxv,  p.  157-168;  zlvi,  p.  361.        %  ^^  ^^^  ^* 
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consequence  of  it,  was  an  immense  aocnmnlation  of  gas.  Some 
1  f  it  eaciiped  into  the  air  during  tlie  upheaval  tliat  prodnced 
lie  White  Oak  anticlinal  of  West  Virginia,  including  theGn- 
tiamite  vein  near  by,  and  some  of  it  remained  encloeed.  There 
is  little  reason  to  doubt,  that  wiiether  or  no  the  oil  found  north 
of  the  Ohio  and  Kanawha  rivers  is  distilled  from  the  Trenton 
Limestones,  the  oils  of  eastern  Kentncky  have  been.  There- 
fore, admitting  that  Prof,  Orton  is  correct  iu  his  conclnsions 
that  the  sporaugites  of  the  shales  are  a  sonrce  of  oil,  and  that 
the  Trenton  Limestone  still  contains  petroleum  in  fitu,  I 
still  maintain  my  thesis,  that  the  metamorphic  action  to  whicb 
the  Appalachian  system  has  been  subjected  famished  the  heit 
that  has  fractionally  distilled  all  of  the  different  varieties  of 
Appalachian  petroleum,  either  from  their  original  source  in  the 
Trenton  Limestone  or  through  the  decomposition  of  the  shalea. 
And  further,  that  any  consideration  of  tne  chemical  constitu- 
tion of  these  oils  must  shovr,  that  the  oils  found  east  of  Central 
Ohio  and  north  of  the  Ohio  and  Kanawha  rivers  are  nearly 
pure  paraffinee,  and  that  the  western  Ohio  and  Indiana  oils — 
the  Trenton  Limestone  oils — are  maiuiy  paraffines  oontainine 
sulphur  compounds  from  which  the  other  oils  are  free;  and 
still  further,  that  the  oils  of  southeastern  Kentucky  and  Tea- 
nessee  partake  of  the  characteristics  ol  both  the  Appalacliiao 
and  Trenton  oils. 

I  have  lately  returned  to  the  region  in  Ventara  Connty.  Oal.. 
that  I  visitwi  in  l.SrtS,  and  thiit  is  so  ricJi  in  all  the  plienorneiia 
that  attends  the  occnrrence  of  bitumen.  During  the  years  that 
have  intervened  between  these  visits,  large  quantities  of  petro- 
leum have  been  brought  to  the  surface,  much  of  which  has 
been  burned  as  fuel.  The  refining  of  these  oils  still  presents 
many  interesting  and  involved  problems.  Of  chief  seieotilif! 
importance  is  the  discovery,  lately  made,  and  which  IdiscuKed 
in  the  paper  that  1  read  at  the  Mid-Winter  Fair  Congress  of 
Chemists,  of  the  manner  in  which  the  nitrogen  content  of  these 
oils  is  chemically  combined  with  the  hydrocarbons.* 

While  this  subject  is  of  great  interest  to  ohemistrj"  and 
technology,  it  is  or  supreme  interest  as  related  to  the  study  nf 
the  origin  of  bitumens,  and  it  is  with  some  satisfaction  that  I 
note  the  sign  boards  that  I  have  set  up  along  the  path  that  led 
to  this  discovery.  While  Warren  produced  the  paraffines 
from  menhaden  oil  soap,  Dippel  had  a  hundred  years  before 
produced  pyridin  by  the  destructive  distillation  of  the  gelatine 
of  hones  and  the  tissue  of  highly  organized  animals;  hot 
nowhere  in  natnre  had  DippeVs  oil  been  discovered  until 
wilhin  the  lust  two  years  it  has  been  extracted  from  all  the 
diffurcnt  varieties  of  Ijituuien  found  iu  Ventura  county  nnd 
its  vicinity  and  from   their  distillates.     These  bitumens  occur 
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I  vast  qaantities  in  rocks  that  are  filled  with  the  remains  of 
le  marine  mammalia  that  swarmed  in  the  Miocene  Ocean.^ 

Shall  we  apply  Hunt's  theory,  and  regard  these  wonderful 
>mpounds  that  appear  nowhere  else  in  nature  as  the  product 
I  some  sort  of  ill-defined,  inexplicable  decomposition  to 
hich  the  animal  remains  have  been  subjected ;  or  shall  we 
slieve  that  the  metamorphic  action  which  has  converted  into 
aeiss  the  sandstones  and  shales  that  flank  the  low  mountains 
[  that  region,  which  gradually  passes  by  insensible  degrees 
ito  the  granite  core  of  the  same  hills  in  which  the  bitumens 
!cur,  has  distilled  the  mixture  of  benzoles  and  DippePs  oil  of 
hich  they  apparently  consist  ?  To  my  mind  the  latter  hypoth- 
us  alone  conforms  to  the  experience  of  technology  and  the 
smands  of  a  logical  scientific  enquiry. 

1  do  not  wish  to  enter  here  upon  any  intricate  inquiry  con- 
$rning  the  nature  and  origin  of  metamorphism.  I  would, 
owever,  note  by  the  way,  tliat  in  addition  to  that  unknown 
aantity,  the  internal  heat  of  the  earth,  the  spontaneous  gene- 
ition  of  heat  by  chemical  action  within  the  influence  of  the 
;mosphere  has  played  an  important  part  in  the  metamorphosis 
I  shales  in  the  region  in  which  the  bitumens  of  Ventura 
)unty  occur.  Locally  such  action  has  often  been  very  recent, 
hile,  at  the  same  time,  the  major  portion  of  it  belongs  to  a 
Bry  remote  past.  I  do  not  consider  it  necessary  to  represent 
I  terms  of  Fahrenheit's  thermometer  the  temperature  at  which 
ly  particular  sample  of  petroleum  was  produced,  nor  do  I 
itend  to  produce  the  coke  that  resulted  from  the  distillation, 
he  coke,  if  there  is  any,  is  where  the  distillation  left  it.     It 

not  possible  to  furnish  the  details  of  a  natural  process  the 
>nditions  of  which  are  unknown  to  us.  Nor  can  we  reason 
om  the  processes  of  technology,  bounded  as  they  are  by  time 
id  space,  to  the  infinity  of  nature,  which  it  is  impossible  to 
aitate.  In  order  to  establish  the  hypothesis  that  anthracite 
as  once  bituminous  coal,  it  is  not  required  that  the  distilled 
ases,  and  possibly  petroleum,  shall  be  produced,  nor  that  it  be 
ated  where  they  now  are.  Let  it  be  constantly  borne  in 
lind  that  time  has  always  entered  into  the  operations  of 
ature,  in  siifScient  quantity,  and  that  heat,  steam  and  pressure 
ave  invaded  immense  areas  of  the  crust  of  the  earth  through 
ast  cycles  of  the  infinite  past  and  the  vision  becomes  clear : 

"  For  a  thousand  years  in  thy  sight  are  but  as  yesterday  when  it  is  past,  and 
watch  in  the  night." 

UniyeTsity  of  Michigan,  Ann  Arbor,  Michigan,  July  12th,  1894. 

*  In  the  course  of  an  afternoon  ramble  in  one  of  the  small  cafions  of  the  moun- 
ins  on  the  south  side  of  the  Santa  Clara  Valley  near  Bardsdale,  Ventura  Co.,  Cal., 
)rtionB  of  three  whales*  vertebras  were  found,  one  of  them  quite  perfect.  Also 
one  mass  of  rock,  three  yertebrse  were  found  in  contact  that  appeared  to  be  those 
a  saurian.  Besides  these  were  innumerable  fragments  of  ribs  and  other  bones, 
a  stratum  about  J  8  in.  in  thickness. 
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Art.   LV. — ^1    Simple.    Chronograph   P6ndulum; 
by  C.  Babus. 

To  give  time  to  the  chronogriipb,  a  break-circuit  chronometer 
or  a  seconds  clock  is  iistmily  umployod.  l''nM]neiitly,  however, 
one  ig  not  in  posseeeiun  of  thi«  clabunite  appartitue,  or  it  is  not 
expedient  to  make  nee  of  it.  The  following  simple  inecliait- 
iam  by  which  an  ordinary  eeconds  pendulum  is  both  kept  in 
motion  and  made  to  record  its  oscillations  on  one  or  more  chro- 
nographs sharply,  may  therefore  merit  description. 

Fifrnre   I  mves  a  eectional  elevation  of 
the  device,  hgure  3  a  side  view  with  elefr 
trie  parts  omitted,     A  is  the  seconds  pen- 
dulum consisting  of  a  light  wooden  rod  (A) 
'  joining  the  heavy  metallic   bub  6'  and  tlie 
knife    edge   c.      The    latter   i^   enpported 
by  the  metallic  plates  a,  and  the^e  and  tba 
bob  are  electrically  connected.    The  lop  of 
tif4^       I  #  I       the  pendulum  is  surmounted  by  a  soft  iron 
J  ^      l!Wr      armature  h,  actuated  by  the  electromagnet 
111  In  the  way  presently  to  be  described. 

B  \%  &  longer  and  very  much  lighter  , 
pendulnm,  consisting  of  a  nat  bob  n  joined 
(bitihirly)  liy  two  very  tliin  metallic  wires 
(B,  B)  to  the  adjufltabla  suspension  /'/. 
The  bob  71  is  prevented  from  oscillating 
toward  the  riglit  by  a  rigid  post  e.  A 
riblwn  of  platinum  d  is  wrapped  around 
the  bob  O  and  a  quadrantal  spring  g  of 
thin  platinum  foil  projects  from  tlie  bob 
n  for  the  purpose  of  securing  reliable  electric  contacts.  The 
bob  n  consists  of  two  small  square  parallel  plates,  between 
which  the  wires  B  B  and  the  platinum  strip  g  are  clutched  by 
a  single  central  screw. 

Current  is  obtained  from  batteries  at  E  (two  or  more  Ic- 
elandic cells)  and  circulates  when  the  circuit  is  closed  as 
shown  by  the  arrows.  I),  J)\  litc,  are  the  chronographs  to 
which  time  is  to  be  given,  these  and  the  electromagnet  w 
being  joined  in  multiple  are. 

The  mode  of  action  is  easily  intelligible.  Whenever  the  cir- 
cnit  is  closed  bv  the  bobs  at  ^  (/  a  current  passes  through  w, 
D,  1)\  etc. 

Suppose  the  post  c  and  the  strip  g  to  be  removed,  and  tbe 
bobs  n  and  0  to  be  in  inelastic  contact.  Then  on  moving  -1 
to  the  left,  this  pendulum  will  push  the  pendulum  B  in  front 
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t  because  the  time  of  oscillation  of  n  is  greater.     There 

therefore  be  a  magnetic  pnll  in  m  thronghoiit  this  motion. 

iversely  when  both  pendulums  having  reached  their  extreme 

igation  begin  to  return  to  the  right,  the  bob  C  will  run  away 

n  the  bob  n,  and  hence  there  will  be  no  magnetic  pull  in 

Since  the  bob  n  is  very  light  as  compared  with   (7,  the 

lit  of  these  unilateral  impulses  applied  at  the  proper  time 

is  to  keep  up  the  motion  of  the  pendulum  A. 

n  practice  however  the  bobs  n  and  C  are  never  inelastic ; 

her  is  it  at  all  desirable  to  keep  up  the  contact  for  so  long 

ne.     In  other  words  the  record  made  at  D  would  be  irreg- 

•  from  interferences  and  the  batteries  would  soon  run  down, 
irefore  the  bob  n  is  hung  so  that  it  would  meet  C  when  the 
3r  is  virtually  at  the  end  of  its  elongation,  and  a  stop  e  pre- 
fc8  n  from  swinging  further  towards  the  right.     Furthermore 

spring  g  causes  n  to  be  hurled  oflE  ballistically  and  the 
tact  is  now  quite  momentary.  Indeed  n  is  made  flat  and 
ailing  against  e  there  is  no  rebound.  I  have  found  it  advan- 
JOU8  to  surround  e  with  an  end  of  rubber  hose,  and  also  to 
'ound  the  ends  of  the  armature  h  in  the  same  manner  to 
vent  them  from  sticking  to  the  electromagnet.  Again  the 
dulnm  B  is  made  to  lean  slightly  against  tne  stop  e,  a  slide 

*  being  provided  for  this  purpose. 

'he  records  show  that  the  time  of  contact  does  not  reach 
sec,  and  this  is  the  result  which  I  wish  to  communicate, 
is  desirable  to  use  electromagnets  of  high  resistance  to 
vent  exhausting  the  battery,  though  I  have  run  the  pendu- 
i  for  days  continuously  with  such  means  as  I  possessed. 
5  apparatus  can  easily  be  made  symmetrical  by  placing  a 
)nd  electromagnet  similar  to  m,  on  the  other  side  oi  ft. 
8  would  furnish  another  set  of  records  differing  by  about 
I  a  second  from  the  first  set. 

uhiDgton,  D.  C. 


T.  LVI. — (1)  On  some  new  Methods  of  obtaining  Plati- 
xochlorides.  (2)  Probable  Existence  of  a  Platinum  Sub- 
hloride;  by  M.  Carey  Lea. 

Che  methods  now  in  use  for  obtaining  potassium  platino- 
aride  are  :  1.  Heating  platinic  chloride  to  250-300°  C.  and 
iting  with  potassium  chloride.  2.  Passing  sulphurous  acid 
[>ugh  a  boiling  solution  of  platinic  chloride  and  treating 
h  potassium  chloride.  To  these  older  methods  Thomsen 
added :  3,  treatment  of  potassium  platinichloride  with 
>rouB  chloride. 


■  898    Lea — Platinochloridft  and  Platinum  Sabchloride. 


All  these  have  objections — With  (IJ  it  is  not  easy  to  obtsin 
a  uniform  couvcreion.  (2)  requires  to  oe  very  closely  watclied 
to  catch  tlie  exact  moment  at  which  the  change  is  complete. 
(3)  IB  liable  to  a  vexations  reverse  action  by  which  platinooc 
salt  is  reconverted  into  platioic  salt  at  the  expense  of  the 
cnpric  chloride  present,  Thomsen  mentions  this  danger  u 
occurring  in  hot  solutions.  It  probably  depends  however 
more  on  concentration  than  on  temperature.  The  larger  the 
proportion  of  cupric  chloride  present  in  any  solution  the 
greater  the  tendency  to  reversal.  In  one  case  a  half  liter  of 
mother  water  containing  plntinous  salt  was  set  aside  for  spon- 
taneous evaporation.  In  a  few  days  large  crystals  of  the  red 
salt  began  to  form,  in  a  few  days  more  instead  of  these  increas- 
ing, there  was  not  a  crystal  of  the  platinous  salt  left. 

These  objections  led  me  to  look  for  something  different.  I 
have  found  two  methods,  either  of  which  gives  good  result*. 

Ji'iriC  Met/tod.     PotaMtum  Acid  SulphiU. 

Potassiam  platinic  chloride  is  to  be  moderately  heated  with 
solution  of  the  acid  sulphite;  convenient  proportions  are, 
platinum  salt  12  grams,  auid  sulphite  9  grams,  water  160'. 
The  mixture  can  be  placed  over  a  hot  water  bath  in  a  covered  ves- 
sel and  left  to  itself.  The  reduction  takes  about  10  to  li  . 
hours  and  is  known  to  be  complete  when  the  solution  has  i 
pure  red  color  free  from  yellow.  The  cover  Ih  then  removed 
and  the  liijuid  evajiuratcd  to  the  cryatalliziug  point. 

If,  as  may  happen  the  red  chloride  and  the  other  salts  crjs- 
tallize  out  together,  it  is  best  to  redisaolve  them  by  heat  in  a 
small  quantity  of  water  saturated  with  potassium  chloride. 
The  red  salt  then  crystallizes  out  first. 

Second  Method.     Alkaline  H'jpophospliitM. 

By  reason  of  its  great  reducing  powera  a  very  small  propor- 
tion of  alkaline  hypophosphite  is  capable  of  converting  llie 
yellow  platinum  salt  to  the  red  ;  theoretically  one  part  of 
hypophosphite  should  reduce  nine  or  ten  parts  of  platiGom 
salt.  We  can  hasten  the  operation  somewhat  by  using  an 
excess  of  hvpophosphite,  but  then  must  work  at  a  lower  tem- 
perature.    Both  methods  will  he  given. 

In  using  an  excess  of  hypophosphite  it  is  convenient  to  take 
10  grams  of  platinum  salt,  2  grams  or  even  more  of  potas- 
sium hypophosphite,  and  600"  of  water.  These  are  placed  in 
a  flask  and  very  gently  heated.  The  best  teraperalnre  is  66°  to 
70°  C. 

Tiiere  is  a  very  easy  way  of  obtaining  this  temperature  and 
of  keeping  it  perfectly  constant  for  any  length  of   time,  bj 
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liking  an  ordinary  water  stove  of  the  kind  in  which  a  chamber 
\  surrounded  on  five  sides  by  water.  Such  a  stove  is  to  be 
amished  with  a  Kekul6  constant  level,  regulated  to  keep  the 
^ater  jacket  half  full.  If  now  the  heat  is  turned  on  so  as  to 
eep  the  water  gently  boiling,  it  will  be  found  that  solutions 
laced  on  the  top  maintain  a  perfectly  steady  temperature,  vary- 
ig  from  55**  to  72®  0.  according  to  the  shape  of  the  vessel, 
»ut  constant  for  any  one  shape.  The  lowest  temperature, 
bout  55°,  is  obtained  with  an  open,  flat  porcelain  basin.  It 
ises  gradually  as  the  shape  of  the  vessel  tends  more  to  check 
vaporation.  When  a  liter  flask  has  about  2  inches  of  solu- 
ion  the  temperature  will  remain  steady  at  about  66°  and  this 
emperature  is  very  suitable  for  the  treatment  just  described. 

Even  with  this  excess  of  reducing  agent  10  or  12  hours  will 
le  required.  The  solution  must  not  be  allowed  to  evaporate 
D  less  than  one-half  its  original  bulk. 

The  completion  of  the  operation  is  known  by  the  solution 
hewing  a  perfectly  pure  ruby  red  color.  The  slightest  shade 
f  orange  indicates  the  presence  of  the  yellow  platinic  salt, 
t  is  much  safer  to  allow  the  solution  to  evaporate  spontane- 
•Qsly.  If  evaporated  by  heat  there  is  always  a  chance  that 
he  reduction  may  go  too  far. 

There  is  not  much  to  choose  between  these  two  methods. 
?he  first,  with  acid  sulphite,  is  the  safest,  because  there  is  no 
langer  of  carrying  it  too  far.  On  the  other  hand  in  the 
econd  method  the  red  salt  separates  more  easily  and  com- 
>l€ftely  in  crystallizing. 

On  the  whole  the  method  which  I  prefer  is  to  keep  down 
he  hypophosphite  and  use  a  higher  temperature  and  longer 
leating.  For  this,  a  weighed  quantity  oi  platinum  salt  may 
►e  placed  in  a  flask  with  30^  of  water  for  eacn  gram  of  the  salt 
nd  a  quantity  of  potassium  hypophosphite  equal  in  weight  to 
:  of  the  platinum  salt.  The  nask  is  to  be  placed  in  a  water 
lath  which  is  kept  at  80°  to  90°  C.  In  consequence  of  the 
mall  proportion  of  hypophosphite  the  action  is  slow,  requir- 
Qg  about  18  or  20  hours  for  complete  conversion.  No  atten- 
ion  during  this  time  is  required  and  the  advantages  are  that 
he  solution  becomes  sufliciently  concentrated  to  crystallize  on 
ooling  and  that  the  very  small  quantity  of  foreign  matter 
ntroduced  renders  it  easy  to  obtain  a  pure  product. 

At  100°  C.  the  reduction  to  red  salt  takes  place  in  about 
iftcen  minutes.  This  method  is  practicable,  but  requires 
jreat  circumspection.  If  the  boiling  is  continued  a  little 
X)o  long,  the  solution  suddenly  turns  brown ;  the  reduction  has 
gone  too  far. 

If  a  quick  reduction  is  desired  it  is  better  to  use  an  acid 
solphite  as  a  reducing  agent  and  the  following  method  gives 


Lower  Carboniferous,  It  is  aside  from  the  purpose  of 
writer  to  cHhcdss  tbe  geologic  relations  of  tlie  cherts,  bot  the 
Lower  Magnesian  cherts  present  some  features  which  separate 
them  more  or  less  sharply,  lithologicallj,  from  the  Lower  Ou- 
boniferoiiB  ones.  The  former  contain  few  fossils  or  moaldsof 
fossils,  while  the  latter  are  usually  crowded  with  stems  sbI' 
plates  of  crinoids  and  other  foseils,  or  tlio  cavities  left  hy  thar 
removal,  thoueh  occasionally  a  Lower  Carboniferous  chert  it  ' 
found  which  shows  no  indication  of  organic  remains.  In  both 
groups  the  color  varies  very  much  from  pure  white  to  gray, 
while  very  many  of  the  cherts  are  stained  brown  or  black  by 
iron,  and  one  Lower  Magncsian  specimen  is  a  decided  pint 
The  texture,  likewise,  is  very  various,  some  specimens  bein^ 
very  dense,  aphanitic  to  the  naked  eye,  and  without  fossils  or 
cavities,  while  others  are  vesicular  from  the  solution  of  pebbles 
or  are  full  of  cavities  from  the  removal  of  foasils.  There  is 
great  diffi-rence,  also,  in  the  state  of  preservation  of  the  chert, 
much  of  it  being  almost  perfectly  fresh  except  for  an  onler 
shell  of  decomposition,  while  other  has  suffered  alteration 
throughout  its  mass,  as  is  shown  in  several  Lower  Magnefiiu 
specimens  and  in  the  heavy  beds  of  "tripoli"  in  the  Loner 
Carboniferous  at  Seneca  and  elsewhere, 

J^eirograpAy. — These  cherts  consist  almost  entirely  of  dial-  . 
cedony  or  silica  in  the  chalcedonic  state,  hut  qnsrtz  and  opil  J 
are  present  to  some  extent  in  some  of  the  specimens.  The  ' 
slides  are  almost  colorless  and  featureless  under  the  microscope 
in  ordinary  light,  but  in  polarized  light  the  structure  of  tne 
rock  is  very  clearly  indicated  and  is  shown  to  be  a  very  fine 
grained  uiosaic,  mottled  by  reason  of  variation  in  fineness  of 
grain.  In  several  of  the  specimens  from  the  Lower  Jlagneaian 
series,  notably  one  from  Morgan  County,  the  material  is  ag^ 
gated  into  small  spherules.  These  are  optically  negative, 
which  proves  that  they  are  made  of  chalcedony.  Chalcedony 
has  a  higher  index  of  double  refraction  than  quartz,  but  tlie 
polarization  colors  in  these  sections  rarely  rise  above  gray  of 
the  first  order,  because  the  grains,  whether  in  mosaic  or  in 
concentric  spherule,  are  too  small  to  give  the  thickness 
required  for  the  higher  colors.  For  photo- micrographs  show- 
ing the  mosaic  and  concretionary  or  oolitic  structures  of  chert 
the  reader  is  referred  to  Irving  and  A'^an  Hise's  treatise  on 
"The  Penokec  Iron-Bearing  Series  of  Michigan  and  Wis- 
consin," 10th  AuTi.  Rep.  U.  S.  (J.  S.,  1890,  Pt.  1,  PI.  24,  fig. 
2,  and  PI.  28,  tig.  2.  The  presence  of  opal  silica  is  indicated 
in  some  of  the  slides  by  apparently  amorphous  areas,  hut  |)0f- 
sihly  with  more  detiniteness  in  other  specimens  by  the  solu- 
bility of  a  portion  in  KOIl  (caustic  potash),  though,  as  will  be 
shown,  even  this  is  not  a  certain  criterion.     Quartz  occurs  in 
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he  cherts  as  well  terminated  crystals  of  some  size  more  or 
ess  completely  filling  cavities  in  the  chalcedony,  as  drasy 
oatings  to  cavities,  and  as  well  rounded  grains  which  may  or 
nay  not  form  the  nnclei  of  spherules.  The  crystallized  quartz 
eems  to  be  secondary  to  the  chalcedony  in  its  deposition,  or  to 
orm  the  last  phase  in  the  aggregation  of  the  cherts,  the  latter 
ppearing  to  be  the  case  where  seams  of  coarsely  granular 
oalcedony  grade  into  lenses  of  finely  granular  or  crystallized 
[uartz.  The  strictly  secondary  quartz  lines  or  fills  cavities  in 
he  chert  without  having  any  apparent  connection  with  the 
halcedony.  The  rounded  grains  are  evidently  quartz  sand 
rhich  has  been  caught  within  the  chalcedony  as  it  wasdeposit- 
ng  or  aggregating.  From  the  frequent  occurrence  of  inclu- 
ions  in  them  they  are  probably  granitic  in  their  origin,  and 
his  view  is  strengthened  by  the  rare  presence  of  a  grain  show- 
ng  the  multiple  twinning  lamellae  of  microcline.  Dr.  0.  E. 
f^eyes*  describes  cherts  from  the  Lower  Carboniferous  (Bur- 
ington)  of  the  northeastern  part  of  the  State  which  "  upon 
xposure  to  the  weather  quickly  slacken  like  quicklime  to  a 
ine,  intensely  white  powder."  This  would  indicate  that  the 
ilica  in  them  was  amorphous,  but  specimens  of  this  character 
rere  not  sent  the  writer.  Scattered  through  all  the  slides 
here  are  minute  irregular  scales  and  specks  of  a  yellowish 
►rown  to  black  substance  which  may  be  referred  to  amorphous 
ron  oxide  (limonite)  though  some  of  them  are  more  probably 
rains  of  magnetite.  A  noteworthy  feature  of  most,  if  not 
U,  of  the  thin  sections,  is  a  ^^  dusty  "  appearance  as  seen  in 
rdinary  light.  This  dust  disappears  to  a  considerable  extent 
rhen  the  light  is  cut  off  from  the  upper  side  of  the  section. 
^he  phenomenon  may  be  due  to  clayey  matter  present  in  the 
ock.  In  view  of  the  discovery  by  Professor  H.  A.  Nicholsonf 
nd  Dr.  G.  J.  HindeJ  of  radiolaria  in  chert  from  the  Lower 
ilnrian  (Ordovician  )  strata  of  Scotland,  and  by  Professor 
V.  J.  Sollas§  and  Dr.  Hinde,)  of  sponge  spicules  in  Carbon- 
feroos  chert  from  Ireland,  very  careful  search  was  made 
hroQgh  these  Missouri  cherts  for  indications  of  anything  of  a 
imilar  nature.  Nothing  whatever  of  this  kind  was  Found, 
rith  the  possible  exception  of  some  slender  cylindrical  rods  in 
.  specimen  from  the  Lower  Carboniferous  at  Webb  City  in 
Fasper  County.  The  rods  are  noticeable  in  cavities  in  the 
t)CK,  and  the  one  which  was  measured  was  2°*°*  long  by  012°^ 
n  diameter,  but  it  seemed  to  have  been  thickened  by  some 

*  This  Journal,  III,  xHt,  451,  1892. 

f  Trans.  Bdinb.  Geol.  Soc.,  vol.  vi,  pt.  I,  p.  56,  1890. 

Ann.  and  Mag.  Nat  Hist,  VI,  vol.  vi,  p.  40,  1890. 

A.nn.  and  Mag.  Nat  Hist,  Y,  vol.  vii,  p.  141,  1881. 
GeoL  Mag.,  N.  &,  Dec.,  Ill,  toI.  It,  p.  435,  1887. 
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BXtranconB  deposit.  What  appear  to  he  the  cross-eecdonB  of 
these  rods  huvo  nnclui  uf  brown  matter  surrounded  by  deir 
ehalcedoiiy,  but  sometimi!*  iwveral  esaetly  similar  nuclei  string 
tlictiifielvt^  together  within  a-  coiuiiion  shell  of  chalcedoM. 
Between  cro«Bed  nicols  there  is  no  line  of  detnarkation  belwren 
thette  bodies  and  tliu  matrix,  all  is  granular  chalcedony.  I 
hesitate,  therefore,  to  refer  these  rods  to  spon^  spicules. 
Many  of  the  Lower  Oarhoniferona  oherta  are  highly  fowilif- 
erotte,  being  more  or  less  crowded  with  the  remaine  of  crinoid«, 
brnohiopods  and  corals.  These  remains,  however,  are  calcare- 
ous in  nature  and  form  «  breccia  with  the  chalcedony  of  the 
chert  na  the  cement,  though  in  the  cherts  described  by  Dr. 
Keycs*  the  fossils  have  been  siliciHed.  A  specimen  from  ihif 
group  at  Grand  Fulls,  Newton  County,  shows  several  sections 
of  a  branching  form  of  6trmnatovora  and  this  genne  ilso 
occurs  in  chert  from  Snlphur  Bprmgs,  Arkansas.  The  clial- 
codony  occasionally  allows  a  tendency  to  form  eoncretioiiirj 
gmnutt^s.  In  the  specimen  jutt  cited  there  are  true  fibrum 
tphi^rocrystals  which  give  a  black  crosa  in  polarized  li^ht 
The  pronounced  granular  or  oiilitio  character  is  contineJ  to 
five  of  the  Lower  Magne»ian  specimens  in  the  suite  ondcrdi*- 
euMiOD.  In  some  of  tlic»c  the  clislccdonY  has  formed  grauulea 
without  any  apparent  foreign  nacleua,  while  in  others  nmnikd 
grains  of  quarts  were  the  nnolei  of  deposition.  Sitioeosi' 
ooliltf  was  noted  by  G.  Vf.  Feathcrstonhsngh*  in  Wayne 
Comity,  Mif^-'iiri  {(),  Tennessee  and  Kftilucky  and  reported  iS 
"silicificd  o<>lite"  of  Carboniferous  age,  but  his  stratignphf  i* 
not  to  Ih"  dc]»ended  upon.  Concretionary  or  gtannliferoos  chort 
is  one  of  the  three  divisions  made  by  A.  Renard^  in  hU  stodj 
of  the  Carlwniferous  cherts  of  Belgium.  A  pneliminary  micro- 
fcopical  and  chemical  investigation  of  siliceous  oolite  was  made 
by  K.  H.  Barbour  and  J.  TorreyS  on  specimens  sent  them  from 
Center  County.  Pennsylvi-nia,  Since  then  the  rock  has  been 
reported  a  second  time  from  Tennesseej  and  it  appears  proba- 
ble from  an  able  di^ussion  of  the  Penoeylvania  oolite  br  Dr 
W,  Bergt,*  which  tirst  came  to  the  present  writer's  knowledge 
si>ino  uioTiths  after  his  own  article*'  on  the  same  subject  hid 
been  publUboiL  thai  several  rocks  from  widely  semiated  putt 
of  the  world  and  described  under  other  nam«s  really  belong  in 
this  category.     Oar  specin*ens.  therefore,  add  fire  localities  for 

H^«o>  K'f^  <^  >a  at»M»nijQ  tit  i^  dennd  iiiiii  hn»nM  the  Kwui 
•»d  (fjc  B-J  Rinn.  iSA  r^  U.  U. 

*K«>A«Tv«M  Maakwi«t»  w  IM  yfaikBMM«>  eilaB«cw«aaiHr*dgBil- 
|»ri«      ^'L   3f  1  A«J.fc.-T  iW  ?c*»MB.  ■»£.  <t  Brtwa*.  lUxiTL  ISIS. 


,Mb«»e.'.i3<  J.lsaa  Dmitm.  H.  1S5X. 
,%wl  Siv.  Ab.    Ki.  I,  »  SST. 


£.  0.  Hovey — CherU  of  Missouri.  405 

8  interesting  rock :  Wright  County,  Camden  County,  Mor- 
a  County,  Osage  River,  and  Taney  County,  in  Missouri.  Mr. 
inslow  reports  that  the  oolitic  chert  of  the  Missouri  Lower 
L^esian  strata  is  of  common  occurrence  and  that  frequently 

5  Deds  are  more  than  a  foot  thick.  One  of  the  Lower  Mag- 
rian  localities  furnishes  a  rock  which  is  partly  oolitic  in  struct- 
3  and  two  others  give  rocks  in  which  rounded  grains  of  quartz 
^e  been  cemented  in  an  abundant  matrix  of  chalcedony, 
bhout  the  formation  of  concretionary  spherules  about  them, 
one  of  the  latter,  however,  the  chalcedony  shows  that  there 

6  some  tendency  within  it  to  form  shells  about  the  quartz 
lins,  and  an  occasional  small  spherule  of  chalcedony  may  be 
m  in  the  matrix. 

Chemistry, — As  was  to  be  expected  from  the  microscopic 
iracteristics,  the  cherts,  when  not  fossiliferous,  are  almost 
re  silica.  The  analyses  made  by  the  Missouri  Geological 
rvey  show  a  much  higher  percentage  of  alumina  and  iron- 
ide  thaiT  is  present  in  the  cherts  from  the  same  strata  and 
3  same  general  region  which  were  analyzed  by  the  U.  S. 
K)logical  Survey,  but  this  difference  is  probably  due  to  the 
it  that  the  specimens  analyzed  by  the  Missouri  survey  were 
ected  more  to  illustrate  the  transitions  between  cherts  and 
ler  rocks  than  to  exemplify  pure  chert.  Mr.  Robertson 
)orts  that  in  making  the  analyses  the  Al,0,+Fe,0,  was 
lissolved  after  the  first  precipitation  and  precipitated  again 
make  sure  that  no  SiO,  was  included  in  the  amount.  The 
rcentage  of  soluble  silica  was  determined  in  only  four  of 
386  analyses  :  Prof.  Seamon,  in  his  report  on  No.  11  for  the 
ipoli  company,  says  that  "  7*28  per  cent  of  the  silica  was 
uble  in  a  10  per  cent  solution  of  caustic  soda  on  boiling  for 
•ee  hours ;"  tne  U.  S.  Survey  reported  4*52  per  cent  in  No. 
,  3*99  per  cent  in  No.  14  and  3  35  per  cent  in  No.  18,  and 
it  the  determination  was  made  in  the  following  manner : 
I  solution  used  was  made  up  of  one  part  solid  caustic  potash 
three  parts  water,  and  one  gram  of  the  finely  powdered 
srt  was  heated  in  each  case  with  fifty  cubic  centimeters  of 
3  solution  for  one  hour  on  the  water  bath.  No.  14  was 
newhat  porous,  Nos.  13  and  18  were  compact,  the  last 
>w]ng  occasional  cavities  filled  with  quartz  crystals.*  These 
reentages,  however,  cannot  be  taken  as  the  measure  of  the 
lorphous  silica  present  in  these  rocks,  for  undoubted  quartz 
noticeably  soluble  in  caustic  potash,  Rammelsbergf  finding 
»m  5  to  7*75  per  cent  of  vitreous  massive  quartz  thus  soluble, 
d  quartz  crystals  and  quartzite  tested  for  the  Arkansas  Sur- 
yX  gave  from  2*69  to  6*28  per  cent  soluble  in  this  medium. 

*  Ark.  6eol.  Sunr.,  Ann.  Rep.,  1890,  vol.  iii,  Novaculites,  p.  161. 
f  Quoted  in  Dana's  Syst.  Mineralogy,  6th  ed.,  p.  1 93. 
X  Op.  cit ,  p.  164. 
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he  amoants  given  above  lor  the  Missoari  cherts  are  below 
lese  maxima  and,  therefore,  do  not  necessarily  indicate  the 
resence  of  opal  (amorphous)  silica,  since  chalcedony  is  held 
\  have  the  same  chemical  characteristics  as  quartz.  When  a 
Tge  percentage  of  the  silica  is  soluble  in  caustic  potash  the 
resence  of  opal  silica  is  indicated  ;  e.  g.,  the  Arkansas  Survey 
lemist  found  30*72  per  cent  of  a  Silurian  chert,  36'56  per 
mt  of  a  Tertiary  chert  and  88*38  per  cent  of  a  geodized  coral 
"om  Tampa,  Florida,  to  be  thus  soluble.  These  geodized 
)rals  are  Known  to  be  opal  and  the  two  cherts  must  contain 
Tffe  amounts  of  amorphous  silica.  Edward  T.  Hardman* 
iHlyzed  a  series  of  twelve  specimens  of  chert  from  the 
pper  Carboniferous  strata  of  Ireland,  He  tested  the  rocks 
I  hydrochloric  acid  and  found  traces  of  soluble  silica  in  sev- 
•al  and  1  per  cent,  1  22  per  cent  and  1*5  per  cent  in  three 
ises.  All  the  Cretaceous  chalk  flints  contain  much  opal 
lica  and  show  high  percentages  of  silica  soluble  in  caustic 

atash.t 

It  will  be  seen  from  the  table  that  the  chemical  difference 
2tween  "  altered  '*  and  "  unaltered  "  chert  is  so  very  slight 
lat  they  can  be  distinguished  only  by  physical  characteristica 
he  most  completely  altered  chert  is  that  from  Seneca,  which 

minutely  porous,  breaks  to  pieces  readily  between  the 
Q^rs  and  may  be  ground  to  an  impalpable  powder  in  an 
•dinary  mill.  There  is  an  extensive  bed  18  ft.  thick  of  this 
laterial  at  this  locality  and  it  is  quarried  for  the  manufacture 
I  filtering  disks  and  tubes  and  of  a  high  grade  of  polishing 
>wder.  A  similar  rock  occurs  near  Seneca  in  the  Indian 
erritory,  at  Dayton,  Newton  Co.,  Mo.,  and  in  township  4  S., 
}  W.  in  central  Arkansas,  j:     The  Arkansas  rock  disintegrates 

>  a  fine  powder  on  exposure  to  the  atmosphere,  but  the  Seneca 
»ck  does  not.  Another  item  of  interest  in  the  analyses  is  the 
3ry  low  percentage  of  water  (by  ignition)  which  was  found, 
rpecially  in  the  pure  cherts,  whether  altered  or  unaltered, 
nis  would  argue  against  the  presence  of  more  than  a  very 
nail  amount  of  opaline  silica.  Mr.  EQurdman's  analyses  of 
le  Irish  Carboniferous  cherts  brought  out  the  same  fact 
^rding  the  presence  of  water. 

Origin  of  the  chert, — There  Jias  been  much  speculation  as 

>  the  origin  of  flint,  homstone  and  chert.  The  Cretaceous 
ints  of  the  chalk  formation  in  England  and  elsewhere  con- 
in  so  many  remains  of  originally  siliceous  animal  organisms 
keletons  of  siliceous  sponges  and  polycystines)  that  some 
ithors  claim  that  all  their  substance  has  come  from  this  source, 

♦  Sci.  Trans.  Roy.  Dub.  Soc.,  T,  vol.  i,  pp.  86,  1 878. 
t  Vid.  Geology,  J.  Prestwich,  vol.  ii,  pp.  321  and  322. 
X  Ark.  QeoL  Surv.,  Ann.  Rep.,  1 890,  vol.  iii,  p.  S84. 
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while  others  contend  that  the  silica  of  the  flints  is  entirely  due 
to  chemical  precipitation.  Other  theories  lie  between  these 
extremes.  A  concise  Biimniary  of  the  various  theories  which 
have  been  proposed  to  account  for  tlie  flints  is  gi^-en  by  Prot 
Prestwieb,*  who  ^ves  as  his  own  opinion  the  theory  thst 
BiHca  in  the  colloid  or  soliiblo  state  was  present  as  a  chemical 
precipitate  in  the  nind  of  the  Chalk  seas  and  that  this  colloid 
silica,  having  a  strong  affinity  for  other  forms  of  silica,  gelati- 
nons  substances  (liko  tlie  sarcode  of  sponges)  and  other  foreipi 
bodies,  aggregated  about  sponge  spicules,  replacing  the  sareoSe 
ae  that  deoaved,  and  abont  the  tests  of  ecninoderms  and  tbe 
shells  of  molliiBcs.  The  irregular  masses  thus  produced  con- 
tinned  to  grow  as  long  as  there  was  any  colloid  silica  within 
the  range  of  attraction. 

Tbe  Corniferons  homstone  partakes  so  largely  of  the  cliit' 
acteristics  of  the  Chalk  tlintB  that  it  probably  bad  its  origin  in 
the  same  way.t 

Tlio  Upper  Carboniferous  cherts  of  Ireland  were  studied  bv 
Messrs.  Hull  and  Hardman,J  who  came  to  the  conclusion  tlial 
the  chert  was  "essentially  a  pseudomorpbic  rock  consisting  of 
gelatinons  silica  replacing  limestone  ot  organic  origin  chiefly 
foramiuiferal,  crinoidal  and  coralline,"  the  silica  being  a  ciiem- 
ical  precipitate  from  tbe  sea  water  of  the  period.  U.  A, 
Renardg  came  to  a  similar  conclusion  for  the  cnerta  of  Carbon- 
iferous age  in  Belgium.  This  view  lias  been  vigoronslv  coni- 
hattei!  by  Dj'.  <"h'u.  J.  Ilincic,;!  who,  startin.tf  fcom  the  dit- 
covery  made  by  Prof.  Sollas  that  there  were  sponge  spicules  in 
the  Irish  cherts,  had  numerous  thin  sections  of  the  rocks  made 
for  himself.  From  tbe  study  of  these  Dr.  llinde  decided  that 
the  cherts  were  wholly  organic  in  origin  and  that  they  were 
due  to  the  aggregation  and  disintegration  of  the  skeletons  of 
siliceous  sponges. 

Pre-Cambrian  cherts  have  been  studied  by  Irving  and  Tan 
Hisc?f  in  their  work  on  the  Penokee  iron-bearing  series  of 
Michigan  and  Wisconsin.  This  series  belongs  to  the  Huronian 
subdivision  of  the  Algonkian  system  and  two  of  its  four  mem- 
bers contain  much  chert.  The  author's  conclusion  regarding 
the  origin  of  the  chert  is,  "  First,  that  the  chert  was  maiok 
deposited  simultaneously  with  the  iron  carbonate  with  which 
it  was  so  closely  associated  ;  and,  second,  that  it  is  probable 
that  the  chert  is  of  organic  origin,  although  we  have  no  pofi- 

•Op.  cit.,  pp.  320-,'13l.  Vid.  alao,  Ark.  rcp't  cit.,  pp.  177-167,  where  M 
eiUrided  puniinary  of  tbeoriea  iB  irivoii. 

t  Cf.  Mninml  of  Geology,  J.  D.  Dana,  3d  edition,  1880.  p.  257. 
t  Sci.  Trans,  iloy.  Dull,  rfoc,  II,  vol.  1,  pp.  71  and  85,  1878. 
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tive  proof  that  it  is  not  an  original  chemical  sediment,  while 
it  may  in  part  be  from  both  sources."  This  statement  is  made 
to  apply  with  equal  force  to  the  other  chert-bearing  member  of 
the  series.* 

Begarding  the  Lower  Magnesian  and  Lower  Carboniferous 
cherts  from  southern  and  southwestern  Missouri,  the  present 
wrriter's  conclusion  is,  that  they  are  due  to  chemical  precipita- 
;ion,  probably  at  the  time  of  the  deposition  of  the  strata  in 
iirhich  they  occur  or  before  their  consolidation. 

Am.  Mu8.  Nat.  Hist,  N.  Y.  City,  July,  1894. 


Art.  LVIII. — JTie  Qualitative  Separation  of  Chromium  from 
Iron  and  Abiminium ;  by  R.  B.  RlGGS.f 

The  separation  of  chromium  from  iron  and  aluminium 
lepends  on  the  conversion  of  chromium  compounds,  by  oxida- 
:ion,  into  soluble  chromates.  This  oxidation  is  generally 
effected,  either  by  fusing  the  hydroxide  or  basic  acetate  pre- 
cipitates with  soaiura  carbonate  and  potassium  nitrate,  or  by 
lissolving  them  in  concentrated  nitric  acid  to  which  potassium 
shlorate  has  been  added.  In  the  hands  of  the  general  student 
;he  latter  is  probably  the  more  satisfactory  of  the  two  methods. 
[t  is  somewhat  complicated  however,  involving,  as  it  does,  the 
leparation  of  the  aluminium  by  means  of  potassium  hydroxide, 
(olution  of  the  residue  in  a  potassium  chlorate-nitric  acid  solu- 
ion,  and  a  reprecipitation  of  the  iron. 

In  many  cases  the  efficiency  of  hydrogen  peroxide,  in  alka- 
ine  solutions,  as  an  oxidizing  agent,  is  well  known.  Its  use  in 
jonverting  chromium  hydroxide  into  the  chromate  was  a  natu- 
ral suggestion.  A  few  experiments  showed  that,  under  favor- 
ng  conditions,  this  change  is  easily  and  completely  brought 
ibont.  Solutions,  containing  the  equivalent  of  0*05  grm.  of 
chromium  as  hydroxide,  0"3  grm.  of  sodium  hydroxide  and 
quantities  of  hydrogen  peroxide  (15  per  cent)  varying  from  6 
Lo  20*'***,  varying  in  volume  from  50  to  600°"*,  were  digested 

*  lb.,  pp.  397  and  368. 

-f  Since  writing  this  note  my  attention  has  been  called  to  an  article  by  Clark 
Jour.  Chem.  Soc.,  1893,  i,  1079),  on  **The  use  of  Sodium  peroxide  as  an  Ana- 
ylical  ag^nL"  He  makes  very  successful  use  of  this  reagent  in  decomposing 
erro  chromium  ores,  and  says  that  it  may  be  used  for  the  qualitative  separation 
)f  chromium  from  iron  and  manganese,  in  alkaline  solutions,  when  it  acts  quickly 
rren  in  the  cold.  As  compared  with  hydrogen  peroxide,  sodium  peroxide  is  the 
nore  powerful  oxidant,  and  if  the  former  has  any  advantage,  it  is  to  be  found  in 
x>nvenience  and,  possibly,  economy. 
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nntil  oxidation  seemed*  complete.  Thie  required  from  five  to 
fifteen  minutes:  the  more  dilute  the  solution  the  lunger  ihe 
operation.  5"*^  of  the  peroxide  was  sufficient  for  the  oxida- 
tion. 

The  availability  of  hjdrogen  peroxide,  as  an  oxidizing  agent, 
having  been  determined,  tlie  influence  of  ite  prcscncft  on  the 
iron  and  the  effect  of  dilution,  on  the  eohibility  of  aluminium 
hydroxide  in  sodium  hydroxide  solutions,  remained  to  be  ascer- 
tained. Filtrates  from  ferric  hydroxide,  which  had  been 
digested  in  sodium  hydroxide  solutions  containing  hydrogen 
peroxide,  gave  no  sign  of  the  presence  of  iron  except  to  the 
flulphocyanide  test,  showing  the  influence  to  be  rather  faTor- 
ible  than  otherwise. 

In  determining  the  effect  of  dilution  on  the  solnlnlity  of 
alumina,  quantities  of  the  hydroxide,  equivalent  to  O'Oa  erm. 
of  the  element,  were  severally  treated  with  0-5  grm.  of  somum 
hydroxide  in  solutions  varymg  in  volume  from  50  to  S'X)'"'- 
In  every  case  solution  was  effected  within  five  minutes.  Tlie 
influence  of  dilution  was  however  appreciable. 

Experiments,  made,  to  test  the  practical  workings  of  the 
method,  on  mixtures  of  the  three  substances,  confirmed  the 
observations  made  in  connection  with  their  eeparate  treatments, 
except  that  the  presence  of  large  quantities  of  iron  hinden 
somewhat  both  the  oxidation  of  tke  chromium  and  the  solu- 
tion of  the  alnminium.  As  to  the  limits  of  the  method  the 
impurities,  of  even  the  best  of  available  reagents,  render  the 
detection  of  very  small  amounts  of  either  iron  or  alumini 
uncertain.  In  mixtures,  containing  the  equivalents  of  O'Z 
m.grm.  each  of  iron  and  chromium,  and  0'5  m.grm.  of  alu- 
minium, separations   were  made  and  the  several  constituents 

*  In  a  majority  of  the  eipenments,  in  the  more  concentrated  solutions,  ibt 
precipitates  dianiipeared  quick  Ij  and  completely.  Where  it  waa  reccssaTj  to  con- 
tinue the  tieatiog  for  more  than  tea  minuLes.  there  remained  an  unoiidluble 
iCBidual  which  increased  rattier  than  dimiDiahed  on  further  liealing.  In  all  o»* 
prolonged  digestion  re8ult«d  in  a  precipitation  of  what  proved  to  be  silica.  The 
■mouot  of  this  precipitate  was  found  Us  \m  proportionate  (o  the  quantity  of  f' 
oxide  added  and  the  following  eiperimentg  showed  that  it  came  from  the  cono- 
live  action  of  an  alkaline  solution  of  the  peroxide  on  the  Rlaes.  W—'-  of  Tilei. 
contninioi;  1  Rrm.  of  sodium  hydroxide,  digested  for  an  hour  in  glesH,  remalDsd 
dear  to  tlie  end.  50'-"'  of  lijdrogeu  peroxide,  similarly  healed,  remained  clest, 
eTsporatiiijt  qiiietlj'.  SO'"-  of  the  peroxide,  containing  05  Rrm.  of  sodium 
hydroxide,  was  also  similarly  digesleU  (the  alltaline  solution  effervOBces  energrt- 
ically  oo  being  heated).  In  lifleen  minutes  the  solution  had  become  perceptiblj 
clouded.  At  the  end  of  an  hour,  the  efferveacence  having  ceased,  a  considenblt 
precipitate  had  formed.  From  2U0''<*'  of  the  peroxide,  containing  'i  grm.  ol 
lodium  hydroiido,  4  m  grm  of  silica  (carrying  a  trace  of  iron)  were  obtained. 
SOD''"'  of  the  peroxide,  containing  h  grm.  of  sodium  hydroxide,  healed  in  plati- 
num for  an  hour,  remained  perfectly  clear. 

The  reagents  used  were  lloseiigarten'a  16  per  cent  hydrogen  peroxide.  500'"' 
of  which  gave,  on  etaporation,  a  residue  of  02909  grm.  (silica  0  1067  griHr 
tlumina  0  02  grm.,)  and  aodiuni  hydroxide  made  from  sodium. 
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'ere  identified  beyond  a  doubt.  With  half  the  above  quanti- 
es  the  resalts  were  not  so  satisfactory.  The  color  tests  for 
oth  iron  and  chromiam  are  snfSciently  delicate  to  detect  even 
nailer  amounts.  The  sulphocyanide  test  will,  under  favor- 
ble  conditions  [a  solution  contaiuiug  not  over  -^  per  cent  of 
ydrochloric  acid  and  an  excess  of  sulphocyanide  (5**®^  1 :  15)], 
low  the  presence  of  0*01  m.grm.  of  iron  in  100^*«**  of  water 
lepth  of  liquid  in  cylinder  14°**).  The  yellow  color  of  sodium 
bromate  is  unmistakable  in  lOO^*^''  of  solution  containing  the 
univalent  of  0*2  m.grm.  of  the  element. 
Summary. — The  following  is  an  outline  of  the  method  of 
■eatment.  Given  a  mixture  of  the  hydroxide  or  basic  acetate 
recipitates  equivalent  to  0*1  grm.  of  each  of  the  three  ele- 
lents.  Digest  this  precipitate  in  lOO*^****  of  water,  to  which 
Occi.  Qf  hydrogen  peroxide  and  1  grm.  of  sodium  (or  potas- 
um)  hydroxide  have  been  added,  until  effervescence  cea8es.t 
eparate  the  iron  by  filtration.  Acidify  the  filtrate  slightly 
ith  acetic  acid  and  precipitate  the  alumina  by  means  of 
fnmonia.  (Where  small  quantities  are  present  long  continued 
oiling  and  a  concentration  of  the  solution  may  be  necessary.) 
ilter  off  the  alumina  and  test  the  filtrate  for  cnromium.  The 
bIIow  color  of  either  the  iron  or  alumina  filtrates  is  charac- 
triBtic.  A  confirmatory  and  more  delicate  test  may  be  made 
jr  acidifying  the  filtrate  from  alumina  slightly  and  adding  a 
)w  C.C8.  of  hydrogen  peroxide,  obtaining  the  blue  color  so 
lianicteristic  of  chromium  compounds  thus  treated. 

Chemical  Laboratory,  Trinity  College, 
Hartford,  Aug.,  1894. 


iRT.    LIX. — On  Copper  Crystals  in  Aventurine  Class ;  by 

Henry  S.  Washington. 

One  of  the  most  curious  products  of  the  world-renowned 
lasa-works  at  Murano  near  Venice  is  the  so-called  '^  aventurine 
lass"  {vetro  avventuAno)j  which  owes  its  name,  according  to 
le  storv,  to  its  discovery  by  chance  [aW  avventura)j  some 
rafis  filings  having  been  dropped  accidentally  into  a  pot  of 
lolten  glass.  This  however  was  not  the  process  by  which  it 
^as  subsequently  made,  though  the  secret  of  its  manufacture 
'as  lost  in  the  decline  of  the  glass  industry  towards  the  end  of 

*  The  volume  will  not  materially  influence  the  results.     Unnecessary  dilution  is 

>weTer  to  he  avoided. 

f  If  the  peroxide  be  not  decomposed  there  is  danger,  on  acidifying  the  filtrate 

mtaining  chromium  and  alumina,  of  a  reduction  of  the  chromate  and  consequent 

"edpitation. 


the  last  century,  and  was  only  re-diacovered  after  the  reeeut 
revival  of  tlie  art  some  thirty  years  ago,  due  chiefly  to  the  late 
Dr.  A.  Salviati  of  Venice,  The  giass  tinds  now  qaite  an 
extensive  nse  in  the  nmnnfacture  of  moeaius  and  of  brooelies 
and  other  cheap  jewelry. 

According  to  Vogt*  it  waa  one  of  the  first  eiihstances  of  a 
minera logical  nature  ever  examined  with  the  microscope,  einca 
in  1S07  1.  G.  Gahn  in  Fahliin  called  Sansmann's  attention  to 
the  fact  that  small  three- or  six-sided  tables  were  visible  in  it 
under  the  microscope.  Wuhlerf  was  the  first  to  show  tliat 
these  tabular  crystals  were  of  metallic  copper,  to  whose  brilliant 
reflections  and  metallic  luster  the  peculiar  appearance  of  tbe 
glass  is  dne.  Although,  to  judge  from  a  remark  of  Vogt's 
(see  below),  the  glass  has  been  several  times  examined,  yet  I 
can  tlnd  but  two  references  to  it  in  the  literature  at  my  dis- 
posal here.  Foiiqu6  and  LevyJ  simply  mention  Wohler's 
determination  of  the  character  of  the  crystals,  while  J.  IT.  L 
Vogt§  devotes  a  couplo  of  pages  to  it,  and  gives  a  few  figun* 
bnt  goes  little  into  details. 

Through  the  kindness  of  Signer  G.  Boni  of  Home,  to  wbom 
I  desire  to  express  my  thanks,  I  was  enabled  to  obtain  at  the 
works  of  the  Venezia-Murano  Glass  Co.  at  Murano  speramem 
not  only  of  the  finished  perfect  product,  bnt  of  a  mass  tbat 
was  the  result  of  an  nnsuceessfDl  melting,  as  well  as  fragmenlt 
of  the  melting  pots  both  before  and  after  their  exposure  to 
the  intense  heat  of  the  furnaces.  The  results  of  a  microscop- 
ical examination  of  this  material  seemed  worthy  of  publica- 
tion, especially  since  they  add  to  our  knowledge  of  the  crjs- 
tallization  of  copper. 

The  perfect  glass  is  of  a  copper  brown  color,  and  transparent 
to  translucent  in  thin  fiakes,  showing  on  the  ed^es  a  pale 
brown  color.  It  is  filled  with  innumerable  small  flakes  and 
spangles  of  a  slightly  brownish  yellow  color  and  brilliant 
metallic  luster.  This  is  best  seen  apparently  in  sections  or 
fracture  surfaces  of  the  glass  parallel  to  the  original  surface  in 
the  melting  pot,  showing  that  the  majority  of  the  flakes  laj 
horizontally  in  the  molten  glass.  The  specimens  also  show 
streaks  of  comparatively  flakeless  material. 

The  imperfect  glass  is  slightly  darker  in  color  and  is  le^ 
transparent,  showing  at  the  thin  edges  a  greenish  color.  Tlie 
spangles  and  glistening  points  are  almost  entirely  wanting  and 
those  present  much  smaller  than  in  tbe  perfect  examples.  A 
specimen  taken  from  the  surface  of  the  mass  solidified  in  the 

*Vc^  MincrilbilduDg;  in  SchmelzniBsseii.     Kristiania,  1B92,  p.  !3S. 
f  Wuhler,  Giitt.  gelehrt.  Auz.,  v,  1842,  p.  1786, 
i  Fouque  et  Uvy,  ^jnth.  d  Uia.  et  d.  Roches.    PariR,  18S2,  p.  367. 
§  Op.  cit.,  pp.  237-9. 
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melting  pot  shows  a  smooth  uppermost  layer,  about  0*2 
thick,  of  a  clear  dark  greenish  blue  color,  the  surface  of  this 
heme  covered  with  minute  rounded  pits  and  indented  six- 
rayed  stars. 

Microscopically  the  perfect  glass  may  be  first  described. 
This  shows  under  the  microscope  a  porphyritic  structure,  the 
groundmass  bein^  composed  of  a  perfectly  clear  and  colorless 
glass  basis,  which  in  the  parts  where  the  phenocrysts  are  best 
aeveloped   is  quite  clear  and  free  from   microlites,  in   other 

f>laces  and  in  streaks  being  "  dusty  "  through  the  presence  of 
arge  numbers  of  the  minute  octahedral  microlites  to  be 
described  presently. 

The  crystallized  portion  of  the  mass  consists  entirely  of 
copper  and  may  be  divided  sharply  into  three  distinct  groups, 
large  phenocrysts,  small  phenocrysts,  and  microlites,  which 
differ  greatly  from  each  other  both  in  the  size  and  the  habit  of 
the  individuals. 

All  of  the  large  phenocrysts,  which  range  in  diameter  from 
0*05-0'12"™,  are  tabular  and  extremely  thin,  the  thickness 
scarcely  exceeding  0*002"'°^  and  often  less  than  half  this,  being 
perfectly  opaque  notwithstanding  their  excessive  tenuity. 
Most  of  them  are  hexagonal  in  outline,  the  hexagons  being  of 
almost  ideal  symmetry,  and  equilateral  triangles,  which  occa- 
sionally show  truncated  angles,  also  occur.  They  show  a 
rather  yellowish  copper  color  and  in  reflected  light  a  brilliant 
metallic  luster.  The  edges  are  perfectly  sharp  and  straight, 
except  those  of  the  plates  lying  obliquely  in  the  section  and 
whicQ  are  due  to  the  making  of  the  slide,  which  are  rough 
and  somewhat  granular  or  ragged.  Seen  '^  end  on  ^'  the  edges 
show,  when  thick  enoagh,  a  face  not  quite  normal  to  the  plane 
surface  of  the  crystals,  though  they  are  too  thin  to  make 
measurements  at  all  exact. 

The  faces  of  these  hexagons  and  triangles  are  in  general 
perfectly  smooth  and  plane,  but  a  number  show  a  peculiar 
appearance  which  is  represented  in  figs.  1-5.  In  sucn  cases 
we  see  that  the  central  part  of  the  face  is  depressed  forming  a 
very  shallow  hexagonal  or  triangular  pit,  symmetrical  with 
the  crystal  outline,  and  surrounded  by  a  salient  edge  about 
0'004°*"  broad,  and  with  sloping  and  rounded  sides.  The 
angles  of  these  shallow  depressions  are  generally  rounded,  so 
much  so  in  some  cases  that  they  assume  an  almost  circular 
form  (fig.  2).  It  may  be  remarked  that  such  shallow  pitted 
surfaces  with  salient  edges  are  not  rare  in  native  copper  crys- 
tals and  quite  common  in  gold. 

This  peculiar  form,  which  seems  to  be  due  to  a  skeleton 
growth,  is  almost  always  accompanied  by  projections  of  greater 
or  less  length  at  the  outer  angles  of  the  tabular  crystals,  as 
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shown  in  the  figures,  the  projectioD  being  alwaja  in  the  direfr 
tion  of  the  bisectrix  of  the  angle.  These  projections  are  in 
eenoral  rounded  and  show  no  crystal  faces,  but  in  a  few  caaec 
^g.  4)  they  are  seen  to  be  minute  octahedra,  an  apex  beii 
ontword  and  two  of  the  dodecahedral  interaxes  bein^  parall 
to  the  plane  of  the  tabular  crystal.  Some  of  these  small  octa- 
hedra sliow  replacements  of  the  solid  angles  by  cubic  pian<B, 
and  they  all  gradually  run  into  the  salient  edges  of  the  main 
crystal. 
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In  addition  to  those  more  regular  forme  some  skeleton  cry*- 
tale  are  to  be  eeen  (figs.  5,  6,  7)  which  are  made  np  of  narrow 
ridges  and  show  that  the  pit-like  depreseione  are  due  to  incom- 
plete growth,  and  not  to  corrosion.  A  curious  and  quite 
nnique  form  is  shown  in  fig.  8.  Tliis  is  a  "  Siamese  twin  "  of 
the  nexagonal  tables  joined  together  by  a  narrow  ridge. 

The  tendency  of  copper  to  forme  nattened  in  the  direction 
of  a  normal  to  an  octahedral  plane  ie  well  known  and  has  been 
clearly  brought  out  by  Prof.  E.  S.  Dana,  in  an  article  on  the 
copper  of  Lake  Superior.*  These  flattened  forms  are  shoffo 
by  liim  to  be  generally  twins  with  the  twinning  plane  an  octa- 
hedral face.  Though  owing  to  the  small  size  and  especially 
the  extreme  thinness  of  the  tabular  crystals  in  the  aventurine 
glass  no  direct  evidence  of  twinning,  such  as  reentrant  angle* 
on  the  edges,  is  to  be  seen,  yet  from  analogy  with  the  copper 
crystals  described  by  Dana  and  others  it  is  probable  that  they 
are  also  twins.  Vogtf  expresses  the  opinion  that  the  plates 
are  simple  distorted  crystals,  but  gives  no  reasons  for  this  view. 

•Dana,  On  the  CrystallizalioQ  o£  Native  Copper.  This  Journal,  mii,  1996, 
p.  413. 

f  Op.  cLt.,  p.  238,  note  2. 
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l8  will  be  seen  presently  twinned  forms  are  common  among 
le  smaller  crystals. 

The  copper  crystals  making  up  the  second  group  are  smaller 
lan  the  preceding,  varying  from  O'Ol-O'OS"""  in  aiameter,  and 
re  not  only  quite  different  in  habit  but  much  more  diverse  in 
rystalline  form.  They  may  be  divided  into  three  distinct 
^pes,  each  being  about  equally  abundant ;  cubo-octahedral 
>rm8,  octahedra,  and  twins. 

To  the  first  of  these  generally  belong  the  largest  individuals 
ad  their  form  is  that  of  the  combination  oi  the  cube  and 
3tahedron,  with  both  about  equally  developed,  or  more  rarelv 
le  combination  of  the  dodecahedron  with  these,  the  indi- 
iduals  being  evenly  developed  and  showing  no  signs  of  distor- 
on  or  flattening.  In  addition  to  these  an  occasional  trisocta- 
edral  plane  with  other  indeterminate  forms  are  to  be  seen  as 
^placements  of  the  angles  of  the  combinations  above.  The 
yrmbols  of  the  trisoct^edra  could  not  be  determined  by 
leasuremcnt,  but  they  are  tetragonal  and  are  presumably  211 
Qd  311 .  These  crystals  though,  rarely  show  sliarp  edges,  the 
)rm8  being  much  rounded  and  only  the  octahedral  and  cubic 
lanes  remaining  flat  in  most  cases ;  this  rounding  being  occa- 
onally  carried  so  far  that  the  crystals  assume  an  almost 
jherical  shape.  The  crystals  of  this  type  are  occasionally 
artially  surrounded  by  irregular  trichitic  growths. 

The  crystals  of  the  second  type  of  this  group  are  rather 
nailer  than  the  preceding,  varying  in  diameter  from  0*01- 
02"".  They  are  in  almost  every  case  perfectly  sharp  and 
leally  symmetrical  octahedra,  cubic  and  dodecahedral  replace- 
lents  of  the  angles  and  edges  being  rare,  and  when  present 
3Ty  small. 

The  third  type,  that  of  twinned  forms,  while  of  about  the 
ime  size  as  those  just  described  offer  much  more  variety.  The 
dnning  plane  is  in  every  case  the  usual  one,  an  octahedral 
ice,  and  the  twins  are  either  simple  or  repeated.  The  simple 
)rm8  are  composed  of  trigonal  cubic  twins  (fig.  9),  and  octa- 
edral  twins  with  cubic  planes  on  the  angles  (fig.  10),  both  of 
hich  are  much  flattened  parallel  to  the  twinning  plane, 
hese  forms  are  identical  with  some  described  and  figured  by 
►ana  in  the  paper  already  referred  to.* 

The  polysynthetic  twins  are  either  fourlings  or  fivelings 
igs.  11  and  12),  formed  of  four  or  five  octahedra  grouped 
K>ut  a  common  center,  the  first  showing  a  reentrant  angle  at 
16  side,  and  the  last  forming  almost  symmetrical  pentagonal 
-pyramids,  since  the  octahedral  angle  (70°  32')  is  almost  one- 

*Loc.  dt.,  pp.  424  and  426,  PI.  11,  fig.  28,  PI.  12,  fig.  41. 


fifth  of  360°,      Similar  forma  have    been    described    by  ?. 
Lasanix*  and  W.  G.  Brown, + 

It  has  already  been  eaid  that  the  tabular  phenocrvsts  occnr 
in  a  vitreous  groiindmase  whicli  ia  almost  absolutely  free  from 
smaller  crystals  and  microlites.  The  same  is  true  in  a  certain 
way  of  these  smaller  pbenocrysts  which  have  been  just 
described.  They  occur  {generally  in  parts  of  the  glass  that  are 
free  from  the  tabular  crystals  but  very  thickly  strewn  with  the 
minute  microlites  which  form  the  tiiird  group,  being  imme- 
diately surrounded,  however,  by  a  more  or  less  broad  circular 
zone  (Hof)  of  perfectly  clear  glass  basis,  exactly  as  is  seen  to 
be  the  case  with  magnetite  and  other  minerals  in  volcanic 
rocks.  These  microlites  which  are  extremely  email,  running 
from  0 '005-0 -0005"""  or  even  less,  are  seen  under  high  powers 
to  be  sharp  and  perfectly  symmetrical  octahedra.  Forms  other 
than  octahedra  were  not  seen  even  with  the  use  of  the  higheit 
powers,  and  the  angles  are  only  rarely  replaced  by  cnbic  plana. 

The  imperfect  glass  shows  under  the  microscope  theeariie 
colorless  glass  basis  as  tlie  perfect,  but  is  almost  absolutely  free 
from  the  tabular  crystals,  only  one  or  two  being  seen  in  tie 
slide,  and  these  very  small.  The  copper  crystals  are  in  an 
overwhelming  raaiority  the  microlites  of  the  third  gronp, 
.which  are  exactly  like  those  just  described.  Crystals  of  tbs 
second  group  are  rare  and  these  mostly  of  the  simple  octa- 
hedral type,  with  a  few  cubo-octahedra  and  scarcely  any  twtni 

The  thin  greenish  blue  top  layer  already  spoken  of,  whicli 
is  sharply  distinct  from  the  brown  glass  beneath,  but  wliicli 
th I'd ws  projections  into  the  latter,  offers  some  special  peeuliari- 
ties.  The  surface  ia,  as  iiaa  been  said,  covered  with  very 
minnte  pits  and  small  indented  stellate  forms  with  generally 
six  rays,  then  crossing  in  most  cases  at  about  60°,  but  m  others 
at  irregular  angles,  and  some  stars  having  fewer  than  six  raj9. 
I  had  a  slide  from  this  prepared  by  Messrs.  Voigt  and  Hocli- 
gesang,  this  smooth  original  surface  being  used  as  one  face, 
while  the  other  was  ground  down  parallel  to  it. 

With  low  powers  under  the  microscope  the  centers  of  tbeee 
stars  are  Been  to  he  occupied  by  holes,  and  the  rays  are  seen  to 
be  less  regular  than  they  appear  to  the  naked  eye  or  with  the 
lens.  They  are  seen  to  be  composed  of  long  groups  and 
clusters  of  black  opaque  trichites  which  are  either  straight  or 
curved.  With  these  are  eometimes  associated  small  irreguls'' 
specks  of  a  pale  brown  nou-pleoehroic  mineral,  which  sTioffS 
marked  double  refraction.  Its  precise  nature  could  not  be 
determined,  hut  it  seems  to  be  augite.    In  the  pale  blue  ground- 

*  Lo^uulx,  Ijpr.  nied  Qea.,  mix.  1682,  9G, 

■f  W.  G.  Brorni,  tbia  Joumal,  mii,  1886,  p.  317. 
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mass  of  glass,  which  is  much  cracked,  are  manj  smaller  clns- 
ters  of  the  same  trichites. 

The  blue  color  of  this  layer  is  obviously  due  to  the  oxidiz- 
ing* action  of  the  atmospheric  air  on  the  copper,  analogous  to 
the  action  of  the  oxidizing  flame  of  the  blowpipe  on  a  borax 
bead  containing  copper,  and  the  black  trichites  may  be  with 
great  probability  supposed  to  be  Tenorite,  CuO. 

Although  some  writers  have  thought  that  the  crystals 
described  in  the  preceding  pages  are  not  metallic  copper  but  a 
silicate  of  copper  or  Ca,0,  yet  Wohler's  original  determina- 
tion has  been  since  confirmed,*  and  their  color,  luster,  opacity, 
crystalline  form  and  habit,  and  twinning  forms  leave  no  doubt 
of  their  nature,  even  apart  from  chemical  tests. 

Vogt  has  already  pointed  out  the  fact  that  the  copper  has 
evidently  crystallized  from  solution  in  the  molten  glass  exactly 
like  a  salt  from  water,  and  this  view  is  confirmed  by  such  facts 
as  the  blue  upper  layer,  the  presence  of  the  clear  zones  around 
the  crystals  of  the  second  groap,  as  well  as  the  fact  that  they 
seem  to  follow  the  laws  of  crystal  growth  in  solutions  as  laid 
down  by  O.  Lehmann.f 

This  author  shows  by  numerous  examples  that  crystals  tend 
to  grow  most  rapidly  at  the  most  sharply  pointed  parts,  and 
this  we  find  beautifully  exemplified  in  tne  projections  at  the 
angles  of  the  hexagonal  and  triangular  plates  as  well  as  in  the 
salient  ridges  along  the  thin  edges.  Also  in  accordance  with 
this  law  is  the  generally  observed  fact  that  the  projections  on 
the  triangles  are  on  the  whole  relatively  longer  than  those  on 
the  hexagons. 

He  also  showsj:  that  the  crystal  habit  varies  with  the  con- 
centration and  temperature  of  the  solution  and  with  the 
rapidity  of  crystallization,  the  more  irregular  forms,  such  as 
skeleton  crystals,  being  produced  by  greater  concentration  and 
quicker  crystallization  among  other  conditions.  The  formation 
of  twins  seems  to  be  due  to  disturbing  infiuences  on  the  regu- 
lar crystallization. § 

On  such  grounds  the  diverse  habits  of  the  various  crystal 
groups  are  to  be  explained ;  the  tabular  phenocrysts  being 
first  formed  from  a  more  concentrated  solution,  some  of  these, 
as  the  conditions  changed,  tending  to  grow  by  additions  at  the 
angles  and  edges,  while  more  copper  crystallized  out  as  the 
smaller  phenocrysts,  till  finally  in  the  last  stages  only  the 
minute  regular  octahedral  microlites  were  formed. 

The  manufacture  of  this  glass  being  a  trade  secret  I  could 
extract  no  information  from  the  foreman   who  gave  me  the 

♦  Vogt,  op.  cit,  p.  237,  note  6. 

f  Molecular  physik.    Leipzig,  1888,  i,  pp.  337  ff. 

%  Op.  cit.,  p.  303.  §  Op.  cit,  p.  416. 


specimens  aa  to  the  proccBB  or  details  of  its  maiiafactiire;  a 
fact  wIiicL  is  greatly  to  be  regretted  since,  for  instance,  i 
knowledge  of  the  circainstanceH  to  which  the  failure  in  tie 
case  of  the  imperfect  glass  ^as  due  would  throw  light  od  the 
crystallization  of  the  copper. 

It  seems  that  the  glass  is  prodaced  by  melting  together  glass, 
cuprous  oxide  and  some  reducing  agent,  such  as  siderite.*  and 
that  FeO  is  in  this  case  the  reducing  agent  is  shown  bv  the 
greenish  color  of  the  imperfect  glass,  woich  is  not  the  bine 
green  of  copper  but  the  yellow  green  of  ferrous  glass,  and 
perhaps  due  to  too  large  a  quantity  of  reducing  agent.  This 
part  of  the  subject,  however,  as  well  as  the  chemical  compos!- 
tioQ  of  the  glass  I  must  for  the  present  leave  aside. 
Venice,  Ilalf,  Aug.  iS,  IS91. 


Art.    LX.  —  On    the    Catium-CobaU    and    Qsnnm-JVidd 
Dmihts  UJilorideSf  Brttmuins  a^id  lodideif ;   by  CJ.  F,  CAM^ 

BELL. 

As  a  continuation  of  the  work  in  this  laboratory  on  double 
halogen  salts,  the  iu  vestigatiou  of  the  above-mentioned  com- 
pounds has  been  taken  up.     The  study  has  been  made  in  i 

systumatid  iiiaiincr  with  tlie  view  of  preparing  as  CDinplele  a 
Bcriefl  as  possible.  TIil'  salts  obt:tiiiea  Imkiiig  to  three  tyjieSj 
and  are  as  follows: 

3:1  Type.  !:  1  Type.  1 :  1  Type. 

Ca.CoCl.  Cs.CoCi.  C8CoCl,.2H,0 

C8.CoBr.  Cs,CoBr. 

Cs.CoI. 

CsNiCl, 
CsNiBr, 
The  results  show  that  cobalt  forms  double  salts  with  mncb 
greater  facility  than  nickel,  for  with  the  latter  metal  only  the 
chloride  and  bromide  of  a  single  type  could  be  obtained. 

The  series  illustrates  the  increase  in  ease  of  formation  of 
double  salts  from  the  iodides  to  the  chlorides,  which  has  been 
previously  observed,  especially  in  the  case  of  the  ciesium-mag- 
nesium  salts  by  Wells  and  Campbell. f  No  csesium-nicke' 
iodide  could  be  prepared. 

It  should  be  noticed  that  the  two  salts  of  the  3  : 1  type  are 
exceptions  to  Remsen's  law  concerning  this  class  of  bodies. 

•  Wagner- Fiacher,  Handb.  d.  Chem.  Tech.,  1889,  pp.  107  and  741,  quoWd  bj 
Vogt. 
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The  previouBly  described  double  halogen  salts  of  cobalt  and 
ickel,  as  far  as  I  have  been  able  to  learn,  correspond  to  two 
'pes  of  the  csssiam  salts,  and  are  as  follows : 

2 : 1  Type.  1 : 1  Tjrpe. 

(NHJ.CoF, .  2H,0  NH.CoCl, .  6H,0 

(NHJ.NiF, .  2H,0  NH^NiCl. .  6H,0 

KCoP, .  Hfi 
KNiF^.H^O 
NaCoF,.H,0 
NaNiF, .  H,0 

The  following  table  gives  approximately  the  composition  of 
le  solntions  from  which  the  caesium  salts  under  consideration 
ere  crystallized  by  concentration  and  cooling. 

Ot:  Co  or  Ni  (Atoma,) 

Cs,CoCl,  From    12 : 1  to     6:1 

Cs,CoCl,  "  6 :  1    "  0-4 : 1 

CsCoCl, .  2H,0     "  0-4  : 1    "  syrupy  solution  of  CoCl, 

Cs.CoBr,  «  2 : 1    **  1 :  1 

Cs.CoBr^  "  1:1"  syrupy  solution  of  CoBr, 

Cs  Col,  "  1 : 4    "  1 :  16 

CsJSiCl,  "        12:1    "  syrupy  solution  of  NiCl, 

CsNiBr,  **  2-6:1    "  syrupy  solution  of  NiBr, 

More  or  less  of  the  corresponding  halogen  acid  was  present 
1  each  case,  and  an  increase  of  this  was  apparently  equivalent 
1  effect  to  the  addition  of  the  caesium  halide.  In  the  case  of 
le  two  nickel  salts,  a  rather  large  amount  of  the  acid  was 
esirable,  for  if  it  was  not  present,  the  salts  appeared  only 
pon  heating  the  concentrated  solutions  and  dissolved  when 
ley  cooled. 

The  color  of  the  chlorides  containing  cobalt  is  a  magnificent 
lue,  the  bromides  and  the  iodides  containing  the  same  metal 
re  green,  while  the  two  nickel  salts  are  yellow.  The  two 
ickel  salts  form  almost  microscopic  crystals.  The  two  salts  of 
le  3 :1  type  were  obtained  in  crystals  having  a  diameter  of 
bout  5°^°*,  apparently  combinations  of  the  cube  and  octahe- 
ron.  The  salts  of  the  2 : 1  type  form  large  plates  or  prisms, 
lie  habit  evidently  depending  upon  the  composition  of  the 
>lution8  from  which  they  crystallize.  The  salt  CsCoCl, .  2H,0 
orms  rather  small  plates.    Besides  the  blue  salt  just  mentioned, 

red  csBsium-cobalt  chloride  of  the  1 : 1  type  was  obtained 
rhich  lost  water  of  crystallization  so  readily,  with  change  of 
iolor,  that  it  could  not  be  analyzed  in  its  original  condition. 

The  compound  CSjCoI,  is  deliquescent,  while  the  other  salts, 
lere  described,  are  stable.  All  the  salts  are  whitened  when 
3T0Qght  into  contact  with  water  or  alcohol,  evidently  on 
suscount  of  decomposition. 
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The  following  analyses  were  made  : 
c»,  oo  a^ 


-^^H 


Found  

Calculated 


Foaod  A . , . 
"  B... 
"       C... 

Calculated.. 


Found  A... 

"       B... 

Calculated . . 


Found  A... 
Calculated  . 


ColuU. 
»-34 


«3-79 

Ci,  Co  a.. 

S6-8e 
66-8B 
Cb  Co  CI,.     aK,0. 
Cwttium.        Cobali.        ChlotjaB. 
3S-84  1J-6V         32-07 

39-80         17«6         31-87 
Cs,  Co  Br.. 


CoUIt 
12S3 
12-58 


CbloiiiM, 
27-83 
27-74 

30-40 
30-43 


loirt 


«-8s 


BroBlofc 
40-33 
7-41  4607 

7-08  ia-52 

6-84  4a-64 


Cb.  Co  Br,. 
41-21 


Cobftlt. 
0-40 
8'80 
»*S5 

9'tO 


Bromina. 
49-43 
4D-«0 
49-8S 

4!*-64 


CsiCoI. 

Cffiiium. 

Cobalt 

Iodine. 

2968 

7-10 

7-34 

60-24 

7-31 

60-29 

31-03 

7-09 

60-98 

Cb  Nt  CI.. 

CEesium. 

Nickel 

Chlorine 

44-42 

19.70 

85-78 

19-14 

36-57 

44-81 

19-66 

35-73 

Ca  Ni  Br.. 

Cesium. 

Nickel. 

BromiDS 

29-93 

13-83 

55-81 

30-60 

13-58 

55-49 

30-81 


13-5 


55-61 


The  author  takes  pleasure  in  expreeeing  his  indebtedness  to 
Prof,  H.  L.  Wells  for  valuable  advice  in  connection  with  tbil 
investigation. 

Sliefficld  ScieniiQc  School, 

New  UavcD,  Coon.,  September,  1894. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistby  and  Physics. 

-  ^,  On  the  Electric  Conductivity  of  Gases. — ^The  question 
whether  gases  can  conduct  electrification,  has  been  investigated 
by  Braun,  under  various  conditions.  He  examined  first,  com- 
pound gases  at  the  moment  of  their  formation,,  using  (1)  mixtures 
of  nitrogen  dioxide  and  air  and  (2)  mixtures  of  chlorine  and 
hydrogen ;  their  union  being  effected  by  the  influence  of  heat  or 
of  diffuse  daylight.  For  the  conductivity  measurements,  a  Ley- 
den  battery  was  employed,  having  an  electromotive  force  of  about 
4000  volts.  No  conduction  was  detected.  In  the  second  set  of 
experiments  the  gases  were  examined  during  the  time  of  explosion, 
a  mixture  of  carbon  monoxide  and  oxygen  being  employed,  the 
electromotive  force  used  being  that  of  from  seven  to  twenty 
Grove  cells.  Under  these  conditions,  there  appeared  to  be  un- 
mistakable conduction  through  the  exploding  gas.  The  last 
experiments  were  made  with  gases  heated  to  high  temperatures, 
about  1000° — 1200**,  in  porcelain  tubes,  the  electromotive  force 
beinff  that  of  a  single  Leclanche  cell.  It  was  observed  that  am- 
monium chloride  and  cadmium  iodide  conducted  well,  ammonia, 
iodine  and  hydrogen  chloride  conducted  fairly,  while  hydrogen 
iodide,  hydrogen  bromide  and  mercuric  oxide  (probably)  conducted 
onlv  very  slightly.  No  conduction  at  all  could  be  observed  with 
carbon  dioxide,  water,  or  nitrogen  tetroxide.  In  concluding  his 
paper  the  author  expresses  the  opinion  that  the  electric  charges 
of  flames  are  due  to  the  separation  of  positive  and  negative  ions. 
— Zeitschr.  physikal.  Chem.^  xiii,  155,  February,  1894.     o.  f.  b. 

2.  On  the  connection  between  the  Atomic  masses  oftnetais  and 
the  CrystaUographic  characters  of  their  Isomorphotis  scUis.-^A 
comparative  crystallographic  study  of  the  normal  sulphates  of 
potassium,  rubidium  and  caesium  has  been  made  by  Tutton  with 
a  view  to  determine  the  relation  between  the  atomic  masses  of 
these  metals  and  the  crystallographic  characters  of  their  isomor- 
phouB  salts.  After  an  elaborate  summary  of  the  results  obtained 
the  author  concludes  that  ^^  a  regular  progression  is  observed  in 
the  crystallographical  characters  of  the  three  sulphates  under  con- 
sideration, corresponding  to  the  progression  in  the  atomic  weight 
of  the  metal  which  they  contain.  With  regard  to  every  property 
whether  morphological  or  physical,  the  rubidium  salt  stands  mter- 
mediate  between  the  potassium  and  the  csBsium  salt.  The  replace- 
ment of  rubidium  by  caesium,  however,  is  generally  accompanied 
by  a  greater  modification  of  the  crystallographical  characters 
than  when  potassium  is  replaced  by  rubidium,  the  heavier  atom 
exerting  an  influence  greater  than  in  mere  simple  proportion  to 
Ae  increase  in  atomic  weight.  The  comparative  results  for  the 
different  properties  are  all  m  line  with  each  other,  the  relations  of 
the  amounts  of  change  along  the  directions  of  the  three  orystallo- 


graphic  aies  beiDg  airoiUr  wilh  reapect  to  all.  Moreoverthe  [»»•* 
greBsioD  according  to  the  atomic  weight  of  the  alkali  metal  it 
perceptible  wilh  regard  to  the  minutest  details  of  the  physical 
plienomena  presented  b;  the  crjetal  and  is  entirely  independent 
of  the  temperature.  It  may  therefore  bo  finally  stated  that  ihi 
whole  of  the  cryatallographical  properties  of  the  strictl}/  isomor- 
phoue,  rhombic,  normal  eulphotee  of  polastium,  rubidium  and 
ecseiutn,  are  functions  of  Ike  atomic  weight  of  the  metal  which 
they  contain"— J.  Chem.  Soc,  Isv,  623-717,  July,  1894. 

G.  r.  a 
3.  Oil  the  Injtuence  of  Moisture  on  Chemical  Change. — It  ie 
well  known  that  curtain  chemical  reactions  can  take  place  only  in 
presence  of  the  vapor  of  water.  Baker  has  extended  the  nnmb^r 
of  these  reactions  and  has  investigated  the  conditions  nnder  which 
they  take  j)1acc  His  first  eiperiment  was  made  with  lime  and 
Buluhur  tnoxide.  The  lime  was  prepared  by  the  ignition  of  prfr 
cipitated  chalk  mixed  with  sugar.  While  still  warm  it  vw 
placed  in  a  small  bulb  blown  on  a  tube,  at  the  other  end  of  which 
some  phosphorns  pentoxide  was  placed.  The  ends  of  the  tube 
were  sealed  ;  and  alter  three  days,  the  balb,  which  bad  been  healed 
at  intervals  to  drive  any  moistnre  into  the  penloxide,  was  sealed 
off  and  introduced  into  one  end  of  a  carefully  dried  glass  tube, 
some  phosphorus  pentoxide  being  placed  in  the  other.  This  inbe 
after  exhaastion  was  sealed  and  allowed  to  stand  for  two  dsys. 
One  end  of  it  was  then  connected  with  atnbe  containing  sulphor 
trioxide,  by  means  of  a  joint  made  of  previously  ignited  asbeste^ 
the  point  of  the  sealed  end  was  broken  and  the  trioxide  was  dis- 
tilled into  the  tube.  After  a  week,  this  portion  of  the  tube  con- 
taining the  pentoxide  was  sealed  off  and  the  bulb  containing  the 
lime  was  broken.  Xot  a  sign  of  combination  appeared,  thougb 
on  breaking  the  tube  and  allowing  a  little  moist  air  to  enter,  com- 
bination at  once  took  place  and  the  mass  became  vividly  incandes- 
cent. On  repeating  the  experiment  with  black  copper  oxide  in 
Slace  of  lime,  the  sulphur  trioxide  crystalliEed  on  the  black  por- 
er,  apparently  withont  converting  any  of  it  into  the  white  anhy- 
drous copper  sulphate.  The  action  of  lime  upon  ammoninm 
chloride  was  next  examined.  This  was  of  interest  because  water 
is  a  product  of  the  reaction.  No  ammonia  gas  was  evolved  on 
mixing  them  when  the  materials  were  perfectly  dried.  A  mix- 
ture of  dry  hydrogen  and  dry  chlorine  did  not  explode  when 
exposed  to  sunlight;  and  more  than  a  quarter  of  the  miitaie 
remained  uncombined  after  exposure  to  diffused  sunlight  for  ivo 
days  and  to  direct  sunlight  for  two  days.  Nitrogen  dioxide  and 
oxygen,  when  pure  and  dry,  do  not  react  on  each  other.  Care- 
fully dried  hydrogen  chloride  and  ammonia  gases  do  not  combine 
on  being  mixed.  And  conversely  perfectly  dry  ammonium  chlo- 
ride does  not  undergo  dissociation  when  healed  to  350°.  As  to 
the  explanation  of  these  results,  the  author  is  inclined  to  thepby- 
sical  view  of  the  matter  suggested  by  Vernon  Harcourt  rather 
than  to  the  chemical  one  proposed  by  Dixon.     Indeed  he  has  long 


\ 


Chemistry  and  Phydcs.  428 

believed  in  an  electrochemical  theory  of  combination ;  and  hence 
considered  it  desirable  to  ascertain  whether  molecules  capable  of 
combining  are  at  different  potentials  and  whether  this  difference 
of  potential  increases  as  they  are  bronght  nearer  to  the  point  of 
union.  Moreover,  whether  also  the  conditions  which  affect  chemi- 
cal change  affect  in  the  same  direction  the  passage  of  electric  dis- 
charge. A  mixture  of  dry  hydrogen  chloride  and  dry  ammonia  in 
e^ual  volumes  was  introduced  into  a  glass  tube  about  a  meter  long, 
divided  in  the  middle  by  a  threeway  tap,  and  provided  at  the 
ends  with  electrodes  of  platinum  plate.  On  opening  the  tap  and 
connecting  the  electrodes  with  the  terminals  of  a  Wimshurst 
machine  giving  3  inch  sparks  in  air,  for  three  hours,  it  was  found 
that  a  separation  of  the  gases  had  taken  place;  the  gas  surround- 
ing the  anode  reddening  litmus  and  that  about  the  kathode  blueing 
it.  Air,  dried  over  sulphuric  acid,  showed  after  electrification 
1*8  percent  more  oxygen  at  the  anode  end  of  the  tube;  and  a 
mixture  of  dried  hydrogen  and  oxygen  showed  2*3  per  cent  excess 
of  oxygen  at  this  end.  Since  then  mixed  gases  can  be  partially 
separated  by  the  attraction  of  their  molecules  for  oppositely 
charged  plates,  it  seems  probable  that  the  molecules  themselves 
are  charged.  Moreover  experiment  showed  that  the  electric  dis- 
charge takes  place  more  readily  in  moist  than  in  dry  air ;  and 
farther  that  the  electric  glow  obtained  by  shaking  mercury  in 
different  rarefied  gases  gradually  diminishes  as  the  gas  is  driea  by 
phosphorus  pentoxide  and  finally  disappears  altogether.  Hence 
the  author  concludes  that  with  regard  to  the  presence  of  moisture, 
electric  discharge  is  affected  in  the  same  way  as  chemical  com- 
bination. If  it  can  be  regarded  as  proved  that  substances  which 
are  capable  of  chemically  combining  are  electrically  charged,  the 
great  significance  of  this  result  is  obvious. — J,  Chem.  tSoc^  Ixv, 
611-624,  July  1894.  o.  F.  B. 

4.  On  the  Production  of  free  Fluorine  by  Chemical  means. — 
The  isolation  of  fluorine  by  Moissan  it  will  be  remembered,  was 
effected  by  means  of  electrolysis.  Braunbr  has  now  succeeded 
in  obtaining  this  gas  by  a  method  purely  chemical.  He  had 
observed  twelve  years  ago,  that  the  compounds  CeF^B[,0  and 
(KF),(CeFJ,(H,0|,  when  heated,  first  evolve  water  and  then  a 
ga9  having  the  ooor  of  hypochlorous  acid  and  possessing  the 

Sroperty  of  setting  iodine  free  from  potassium  iodide.  He  now 
escribes  a  new  series  of  analogous  salts,  the  fluorplumbates, 
derivations  of  fluorplumbic  acid;  the  first  member  of  the  series 
having  the  composition  (KF), .  HF.  PbF^,  and  being  produced  in 
one  of  three  ways:  (1)  by  treating  the  oxide  Pb,0^.(H,0), 
freshly  precipitated,  with  a  mixture  of  hydrogen-potassium  fluor- 
ide and  hydrogen  fluoride' and  crystallizing  from  hydrogen  fluor- 
ide; (2)  by  fusing  lead  dioxide  with  potassium  hydroxide  in  the 
proportion  (KOH), :  PbO,  in  a  silver  crucible,  dissolving  the 
DKnatened  mass  in  excess  of  hydrogen  fluoride  and  crystallizing ; 
and  (8)  by  dissolving  three  gram-molecules  of  KF .  HF  in  excess  of 
hydrogen  fluoride  and  adding  one  gram-molecule  of  lead  tetrace- 


tate,  an3  evaporating ;  llie  acetyl  being  thas  displaced  by  fluonoe, 
The  substance  is  obtained  in  the  form  of  needle  shaped  cryslils. 
often  a  milliineter  in  diameter  and  a  centimeter  long,  groupeiJ 
radially  undjirobably  monodinic,  analogous  to  the  fluostannateof 
Marigfjac.  It  is  ])ermanent  iii  dry  air,  but  turns  brown  in  moist 
air,  being  decomiioned  by  water  so  as  to  yield  hydrated  lead 
peroxide,  hydrogen  polacsium  fluoride,  and  hydrogen  fluoride. 
Heated  to  100°-!  10*  for  8ome  hours  the  mass  remains  couxlant; 
but  at  200"  hydrogen  fluoride  is  evolved,  and  at  higher  temper- 
atnres,  but  much  below  a  red  heal,  a  gas  \i  set  free  having  the 
oharaoteristio  odor  of  fluorine,  and  liberating  iodine  in  large 
quantity  from  iodide  of  starch  paper.  Small  orvstals  of  silicon 
placed  in  the  open  end  of  the  evolution  tnbe  turn  with  vivid 
mcandescenee,  sometimes  with  explosive  violence,  in  the  issuiw, 
gas.  There  can  be  no  doubt  that  this  gas  la  really  fluorine,  v 
the  potassium  fluorplumbate  loses  only  its  hydrogen  flaoridc  US 
2Sn*;  with  traces  only  of  flnorine,  one  gram  should  give  47"  of 
fluorine ;  the  adniixod  hydrogen  fluoride  neing  removed  by  put-' 
!ng  the  gas  over  potassium  liuoride.  If  the  sodiam  sal't  nor 
under  investigation  proves  to  be  (NaF),PbF^  it  would  yleW' 
fluorine  pure  at  once.  The  author  also  describes  the  preparatioa 
of  fluorplumbic  acid  and  lead  teirafluoride. — J.  Chem.  .Soc,,  Iir, 
863-403,  June,  1804.  g.  t.  b. 

6.  On  the  Structure  of  the  Flame  of  Ci/unogen. — The  slractufl 
of  the  flame  of  burning  cyftnogen  has  been  sindied  by  Sxithzus  ■ 
and  Dent  according  to  the  method  proposed  by  the  first  named 
chemi-^t  in  {■orinwtion  willi  Iiiglc.  The  cyiuiogen  was  |irc|iared 
by  healing  mercnric  cyanide  and  was  collected  over  mercnry. 
When  burned  in  the  cone-separating  apparatus,  the  flame  at  the 
top  of  the  outer  tube  consists  of  two  parts,  an  inner  cone-xhaped 
region  having  a  bripbt  peach  blossom  tint,  and  an  outer  or 
enveloping  cone,  shading  ofl"  from  a  bright  bine  to  a  greenish- 
grey.  As  air  is  gradually  added  the  Inner  cone  becomes  smaller 
and  soon  enters  and  descends  the  outer  tube,  being  surrounded 
by  a  rosy  halo,  which  disappears  and  Is  replaced  by  a  blue  one 
as  the  amount  of  air  Increases.  The  outer  cone  retains  its  place 
at  the  top  of  the  outer  tube  and  remains  of  the  same  color. 
More  air  still,  extinguishes  the  outer  cone  and  causes  the  inner 
one  lo  become  bluer  and  its  halo  greener.  Examination  of  the 
inlorconal  gases  showed  the  presence  of  carbon  dioxide  and 
monoxide,  cyanogen,  nitropen,  nitrogen  dioxide  and  telroiilde. 
Analysis  gave  CO  254,  CO,  O-fi,  (CN),  61,  N,  669,  NO  03, 
NO,  0-4,  when  the  proportion  ot  air  to  cyanogen  was  3'52:1. 
From  their  results  the  authors  conclude  :  ( 1}  that  the  cones  may 
separate  when  the  ratio  of  air  to  cyanogen  Is  3-3:1;  (2)  that 
when  cyanogen  is  burning  with  the  minimum  quantity  of  air, 
carbon  monoxide  Is  pmctlcally  the  only  oxidation  prodact; 
(3)  that  as  the  air  supply  increases  the  quantity  of  carbon  di- 
oxide increases,  until  it  equals  one  half  the  volume  of  the  mon- 
oxide ;    (4)    that    cyanogen    is   present   in    the    interconal  gMe* 
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amoantiDg  to  7^  per  cent  with  the  minimam  of  air,  disappear- 
ing as  the  air  supply  increases ;  (5)  that  small  bat  variable  quan- 
tities of  nitrogen  oxides  are  present.  In  the  inner  cone  therefore 
carbon  monoxide  is  the  main  product,  and  in  the  outer  one  carbon 
dioxide.— t/..  Chem.  Soc^  Ixv,  603-610,  July,  1894.  o.  p.  b. 

6.  Select  Methods  in  Chemical  Analysis  ;  by  William  Cbookss, 
Third  Edition  (Longmans,  Green,  A  Co.)-— The  new  edition  of 
this  well-known  work,  though  no  more  bulky  than  its  immediate 
predecessor,  includes  the  description  of  many  new  processes  of 
analysis  in  '  place  of  methods  which  have  been  superseded  or 
which  have  become  so  widely  known  that  they  need  no  mention 
in  a  work  which  aims  merely  to  bring  together  novelties.  Pro- 
cesses of  technical  importance  only,  such,  for  example  as  methods 
of  furnace  assaying  or  processes  of  analysis  of  iron,  steel,  and 
ores  of  iron,  have  been  displaced  because  such  topics  are  now 
fully  treated  elsewhere.  The  chief  additions  have  been  in  the 
line  of  electrolytic  analysis.  Only  such  methods  as  have  been 
put  to  the  test  in  the  author's  own  laboratory  are  admitted,  and 
it  is  of  course  to  be  expected  that  many  developments  of  the  nine 
years  intervening  since  the  issue  of  the  second  edition  find  no 
mention.  This  edition  will  no  doubt  be  as  welcome  to  practical 
chemists  as  was  each  of  the  preceding  issues  in  its  time. 

F.  A.  6. 

7.  An  Elementary  Manual  of  Chemistry ;  by  F.  H.  Stobbb, 
Professor  of  Agricultural  Chemistry  in  Harvard  University,  and 
W.  B.  Lindsay,  Professor  of  General  and  Analytical  Chemistry 
in  Dickinson  College.  Being  a  Revision  and  Rewriting  of  Prof. 
W.  R.  Nichol's  Abridgment  of  Eliot  and  Storer's  Manual. 
New  Tork,  Cincinnati  and  Chicago :  American  Book  Company, 
pp.  463. — ^The  rapidly  increasing  rate  of  progress  of  the  experi- 
mental sciences  renders  necessary  frequent  issue  of  newly  posted 
text-books,  and  among  the  many  serviceable  handbooks  of  chem- 
istry, none  is  likely  to  be  found  superior  to  this  **  lineal  descend- 
ant" of  Eliot  and  Storer's  Manual  whose  appearance  nearly 
thirty  years  since  first  rendered  systematic  laboratory  instruction 
to  large  classes  in  general  chemistry  practicable  and  pleasant 
both  to  student  and  teacher.  The  original  Manual  was  rather 
bulky  for  the  most  advantageous  use.  In  NichoPs  abridgment 
we  thought  much  of  the  excellence  of  the  Manual  was  sacrificed 
and  are  glad  to  find  in  this  less  condensed  revision  and  rewriting 
the  touch  of  master  hands  evident  throughout. 

The  book  is  equally  valuable  in  the  class  room  and  the  labora- 
tory. The  instructor  will  find  in  it  the  essentials  of  chemical 
science  developed  in  easy  and  appropriate  sequence,  its  facts  and 
generalizations  expressed  accurately  and  fully  but  concisely  as 
well  as  forcibly  and  elegantly.  A  large  number  of  those  funda- 
mental or  important  facts  of  chemistry  that  are  inaccessible 
through  ordinary  experience  are  demonstrated  in  258  experiments 
mostly  so  simple  and  so  well  described  and  illustrated  (by  125 
engravings)  that  any  intelligent  youth  provided  with  the  cheap 
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onlfit  catalogued  on  pp.  428-431,  may  withooi  other  aid,  mslR 
them  an  intim.itepart  of  his  persoDal  knowledge.  On  thi§  Burnt 
foimdation  the  demonstrated  laws  and  current  hypotheses  of  tbt 
science  are  skiHallv  oonstrtictpd  and  displayed. 

The  »hon  iDtrodaction  of  three  pages  in  four  paragraphs  wUh, 
a  airiglo  experiment  defines  the  proviiioc  of  chemistrj-.  Chapter! 
in  fi  pages,  11  paragraphs  and  two  experiments,  aets  forth  tb* 
m&lcnal  and  complex  nature  of  common  air  and  shows  the  mak- 
ing of  oxygen  from  "  mercury  rust."  Chap.  II  of  4  pp.  in  5  TT 
with  2  exp's.  develops  the  properties  of  oxygen  io  some  detail 
In  Chap.  Ill  of  3  pp.  H  ^  ^  and  1  esp.  the  isolation  of  nitrogeo  ia 
exhibited,  its  physical  and  chemical  properties  and  its  occurrenot 
in  nature  are  stated  and  the  laws  of  Charles  and  Boyle  are  i«tj 
clearly  enounced.  Chap.  IV  of  1.1  pp.  IB  %^  and  10  exps.  girW , 
an  admirable  exposilion  of  the  chemistry  and  clieniieal  physicsof 
water.  The  caloric  and  thermal  unit,  the  laws  of  definite  propo^ 
tions  by  weigtit  and  volume,  molecules,  atomic  weights,  the  <]i»- 
tinction  between  elements  and  compounds,  distil  la  tiot),  aolutiiHik 
supersaturaiion  and  water  of  crystallization  are  very  suiiablr 
developed,  described  or  demonslrated.  Chap.  V,  12  pp.,  13  f^, 
6  exps.  treats  of  hydrogen  and  its  dioxide  with  explanation  oi 
reactions,  substitution  or  rcplaeements,  molecular  weights,  crith, 
vapor  density,  gus-difTiisinn  and  heat  of  formation  are  here  ex- 
plained. 

Compounds  of  Nitroeen  ;  Hydrochloric  Acid;  The  Halogem:  j 
Oaone;   Sulphur,  Selenium  sua  Tetluriiioi,  are   the   sabjects  of  ■ 
Chapters  Vl  to  X.     In  them  are  considered  incidentally  Mulliple  ' 
Propoi'lioiis,   by  wei^-hl    and  vohnm: ;    Acid?,    liases  aod  Saks; 
Distinction  of  Metals  from  Non-metals ;  Nascent  State;  Valence 
and  Replacing  Power ;  Chemical  Calculations ;  Allotropism  ;  Crys- 
tal Systems  ;  Dimorphism  ;  Dissociation. 

Chapter  XI  of  8  pp.  is  purely  doctrinal  and  is  paragraphed  as 
follows:  Combination  by  Volume;  Molecular  Condition  of  Ele- 
mentary Gases;  Volumetric  Interpretation  of  Symbols;  Varia- 
tion in  the  Number  of  Atoms  in  the  Molecule  of  the  Same  Elemeni; 
Atomic  Weight  and  Specific  Heat.  The  law  of  Avogadroand 
that  of  Dulong  and  Petit  are  here  set  forth. 

Chapter  Xll  of  8  pp.  and  8  H  's  devoted  to  Formulas,  Em- 

Eirical  and  Rational;  their  Determination;  a  brief  account  o( 
luatigtic  and  Typical  formulas,  and  a  fuller  statement  of  the 
character  and  uses  of  Structural  or  Graphic  Formulas. 

The  ne.-ii  three  chapters  are  occupied  respectively  with  Phos- 
phorus, with  Arsenic,  Antimony  and  Bismuth  and  Silicon  and 
Boron.  Four  chapters,  aggregating  128  pp.  are  devoted  to  Car- 
bon and  its  Compound)'.  In  Chap.  XVI  the  jiroperties  of 
Carbon  and  of  its  oxides  and  sulphides,  and  the  subjects  of  Com- 
bustion and  Illnminalion  are  fully  discussed  while  decay,  pntre- 
fiiclion,  fermentation,  compound  radicals,  the  blowpipe,  and 
kindling  temperatures,  are  more  briefly  noticed.  Chapters  XVII, 
XVIIl  and  XIX   are  an   excellent  epitome  of  organic  chemistrj. 
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The  remaining  chapters  save  the  last  treat  of  the  metals.  The 
work  conclades  with  Chapter  XXXII  which  in  seven  pages  com- 
prises a  Table  of  Atomic  Weights  wherein  hydrogen  is  the  unit 
and  oxygen  has  the  value  15*88  and  gives  a  remarkably  lucid 
exposition  of  the  Periodic  Law. 

8.  Movements  of  the  Solar  Atmosphere. — ^M.  H.  Dbslandrss 
has  discovered  by  comparison  of  many  photographs  of  the  solar 
lines  H  and  K  a  variation  in  the  bright  line  which  is  found  in  the 
dark  space  embraced  by  these  lines.  This  bright  line  can  be 
separated  into  two  enclosing  a  dark  line.  The  bright  lines  cor- 
respond to  the  lower  layers  of  the  chromosphere  while  the  dark 
line  belongs  to  the  higher  layers.  These  bright  lines  often  show 
dissymmetry,  sometimes  one  and  sometimes  the  other  becoming 
the  narrower.  Spectra  of  the  faculsB  do  not  usaally  show  this 
dissymmetry  but  it  is  a  common  condition  on  the  remainder  of 
the  surface,  and  is  more  pronounced  near  the  equator  than  in  the 
neighborhood  of  the  poles.  Near  spots  the  observed  dissymme- 
try is  often  in  the  opposite  direction  on  opposite  sides,  and  the 
narrowing  of  the  line  is  sometimes  irregular.  The  phenomena 
can  be  explained  on  the  hypothesis  of  a  continued  circulation  of 
the  sun's  atmosphere,  but  it  is  worth  noting  that  a  less  marked 
dissymmetry  has  been  obtained  in  the  calcium  spectrum  produced 
by  the  induction  spark.  Resemblances  are  pointed  out  between 
these  phenomena  and  those  observed  in  the  spectrum  of  Nova 
Aurigse. —  Comptes  JRendits,  Aug.  27;  Nature^  Sept.  6,  1894,  p. 
468.  J.  T. 

9.  IJuminous  effects  produced  by  electric  oscillation, — H.  Ebsrt 
describes  a  luminescence  lamp  made  of  a  glass  globe  containing 
laminous  paint.  Oscillations  are  produced  on  tin  foil  strips 
placed  on  the  globe  and  vivid  luminescence  is  produced.  The 
energy  consumed  was  in  the  millionths  of  a  watt,  and  this  econ- 
omy of  the  lamp  was  very  striking.  To  avoid  the  great  losses 
doe  to  inductive  resistances  a  transformer  with  small  capacity 
and  small  inductance  could  be  attached  directly  to  the  lamp. — 
Ann,  der  Physik  und  Chemie^  No.  9,  1894,  pp.  144-161.      J.  t. 

10.  The  resistance  of  Bismuth  in  strong  magnetic  fields. — Since 
the  resistance  of  bismuth  is  increased  when  it  is  placed  in  a  mag- 
netic field,  it  has  been  suggested  that  the  metal  might  serve  to 
measure  the  strens^th  of  the  field.  II.  J.  B.  Hbnj>bbson  states 
that  the  curve  which  shows  the  relation  between  the  resistance 
and  the  field  intensity  was  a  straight  line  between  a  field 
intensity  of  4000  C.  6.  S.  to  a  field  of  15,000  G.  G.  S.  and  this 
relation  holds  for  still  more  extensive  fields.  The  resistance  of  a 
bismuth  wire  spiral  rose  at  the  ordinary  normal  temperature  from 
10  ohms  with  a  null  field  to  33  ohms  with  a  field  of  39,000 
C.  6.  S.  With  lower  temperatures  the  change  is  relatively 
greater.  With  higher  temperatures  less.  It  may  be  that  at  a 
certain  temperature  the  change  of  resistance  in  the  magnetic 
field  disappears.  Whether  this  temperature  coincides  with  the 
melting  point  of  bismuth  can  only  be  decided  by  experiment. — 
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Physical  SoeiOy  of  Berlin,  Juno  1,  1804;  Ann.  der  Pkytik  nod 
Chemie,  pp.  67,  58.  j.  t. 

11,  Motion  of  dielectric  hod'ea  in  a  homogtneovt  elect roatatie 
Jleld. — Lk  Graetz  and  L.  Fomm  desoribe  a   dielfciric  volmeur 

which  conaUiH  or  a  thin  disc  of  sniuhur  or  paraffin  suspended 
between  ibe  plates  of  a  condenser.  The  dioo  tends  to  place  its 
axis  alon^  the  lines  of  electrostatic  foroe.  The  rotations  depend 
on  the  size  of  the  charge  on  the  plate,  and  the  oscillations  are 
proporlional  to  the  square  of  the  ditference  of  potential. — Ann. 
der  Phyaik  und  Chemie,  No.  9,  1894,  pp.  96-94.  j.  t. 

12.  Maxini's  flying  machine. — Mr,  FIiRAti  S.  Maxim  gives  in 
the  National — an  English  magHKine — a  description  of  bis  ezperi- 
mcDts  on  flying  by  ineann  of  an  teroplane.  His  flying  tnacbiDe 
when  finished  and  loaded  with  water,  fuel  and  three  men,  weighed 
nearly  80U0  lbs.  The  aotnal  horse  power  developed  on  the  acrewa 
was  363  horse  power,  with  a  screw  thrust  of  about  3000  lbs.  The 
total  width  of  the  machine  was  over  200  feet.  On  running  the 
machine  al  30  miles  an  hour  very  little  load  remained  on  ibe 
track  and  at  36  mil<>B  an  hour  the  whole  machine  was  completely 
lifted. — Ntituff,  Sept.  13,  p.  4flfl.  j.  T. 

IS.  A  TreaUge  on  ihe  Measurement  of  Electrical  Resistance.  By 
WiLMiM  Aktiiur  Prick,  M.A.,  A.Sl.I.C.E.  8",  pp.  svi,  IS9. 
Oxford,  Clarendon  Press,  1894. — This  volume  is  an  exposition  of 
the  theory  and  practice  of  the  measurement  of  electrical  reaist- 
'  ance,  with  especial  reference  to  those  considerations  that  arise  in 
actual  work,  and  which  are  either  altogether  omitted  in  ordinary 
general  treaiines,  or  very  insutfiuiently  presented.  In  the  first 
chapter  the  meaning  of  refiistance,  its  laws,  and  units  of  measure- 
menl  are  cuuRiderud.  This  is  followed  in  the  second  chapter  by 
a  discussion  of  the  materials  best  suited  for  resistance  coils,  tbeir 
temperature  coefhcients,  their  variation  with  time,  and  attention 
is  drawn  to  the  special  qualities  of  some  of  the  newer  materials, 
as  platinoid  and  mangaiiin.  In  succeeding  chapters  the  construc- 
tion of  bobbins,  the  best  methods  of  winding  resistance  coils, 
and  the  precautions  to  be  observed  in  order  to  secure  accuracy 
and  permanence  are  taken  up.  The  various  forms  of  commutators 
and  switches,  Wheatstone's  bridge,  the  meter  bridge  in  its  later 
modifications,  with  the  varions  accessories  and  adaptations,  tite 
most  suitable  arrangements  for  very  low  or  very  high  resistance 
are  discussed  in  detail. 

In  several  Appendices  are  contained  the  mathematical  theory 
of  Wheatstone's  bridge,  Lord  Kelvin's  modification  of  it  for  low 
resistances,  electromoti  ve  forces  at  the  j  unctions  of  meter  bridge, 
the  discharge  of  a  condenser  through  a  high  resistance,  Mance'f 
method  of  measuring  the  resistance  of  a  battery,  and  the  electro- 
static analogue  of  Wheatstone's  bridge. 

The  pages  of  the  book  contain  many  interesting  remarks  and 
practical  suggestions  derived  from  experience,  and  will  be  a  valu- 
able aid   to   those  studying  the  subject    in  a  general  way,  i^^ 
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especially  to  those  engaged  in  the  construction  of  standard  coils 
and  instruments,  or  in  the  actual  work  of  electrical  measurement. 

A.  w.  w. 
14.  Practical  Work  in  General  Physics.  By  W.  G.  Wooll- 
COMBB.  Crown  8°,  pp.  xii,  83.  Oxford,  Clarendon  Press.  1894. 
— ^This  is  a  collection  of  some  fifty  practical  exercises,  with 
descriptions  of  instruments  and  methods  for  the  measurement  of 
lengths,  areas,  volumes,  and  densities.  Other  topics  are  the 
harometer,  the  simple  pendulum,  capillarity  and  surface  tension. 
The  theory  of  the  halance  and  the  methods  of  determining 
weights  are  briefly  indicated,  with  practical  directions  sufficient 
to  prepare  the  experimenter  for  such  use  of  the  balance  as  is 
required  in  many  of  the  exercises.  The  experiments,  which  are 
mostly  of  rather  simple  character,  are  clearly  described  with  con- 
siderable detail,  and,  for  the  limited  range  of  subjects,  the  book 
will  be  a  useful  guide  to  the  student.  a.  w.  w. 

II.    Geology  and  Mineralogy. 

1.  An  Occurrence  of  Anorthite  and  Epidote  (communicated). 
— ^In  a  large  series  of  specimens  collected  at  Phippsburg,  Maine, 
by  T,  F.  Lamb  of  Portland,  these  two  minerals  occur  under  un- 
usual circumstances.  The  mass  of  the  material  consists  of  cinna- 
mon garnet,  with  occasional  green  pyroxene,  similar  to  the  well- 
known  occurrences  at  Raymond,  Maine,  and  elsewhere,  the  rock 
itself  being  evidently  a  highly  metamorphosed  contact  limestone. 
Occasionally  there  is  imbedded  in  the  masses  of  garnet  a  dark 
gray  mineral,  nearly  black,  in  brilliant  plates,  in  nowise  suggest- 
ing epidote.  This  however,  it  proved  to  be,  after  partial  analysis 
by  Dr.  W.  F.  llillebrand,  and  optical  examination  by  Mr.  J.  S. 
Ciller.  The  anorthite,  also  verified  optically  by  Mr.  I)iller,  and 
by  partial  analysis  by  Mr.  George  Steiger,  is  associated  some- 
times with  the  epidote,  and  sometimes  in  coarse  crystals,  only 
with  the  garnet.     The  analyses  are  as  follows : 

Epidote.  Anorthite. 

SiO, 38-64  45-62 

Al,0, 28-39  36-29 

Fe,0, 6-89 

FeO -60 

CaO 2412  17-31 

MgO trace 

Ignition 2*26 

100-70  98-22 

On  first  inspection  I  supposed  the  epidote  to  be  axinite,  which 
is  said  to  occur  at  the  Phippsburg  locality,  and  which  in  this  case 
it  somewhat  resembles.  f.  w.  clarke. 

2.  A  new  locality  of  true  Emeralds  (communicated). — In  July, 
1894,  a  new  locality  of  true  emeralds  was  discovered,  by  Mr.  J. 


L.  RoHbod,  miner  of  mica,  and  Mr.  D.  A.  Bowman,  on  the  Ron- 
Bon  property  near  BakersvUle,  Mitchell  County,  N.  C.  Here,  tt 
an  elevation  of  five  thonsand  feet  a.  t.,  on  Big  Crab-Tree  Moun- 
tun,  oocurB  a  vein  of  pegmatite  Home  five  Teet  wide,  with  well- 
defined  walls,  in  mica  schin.  This  vein  carries  a  variety  of 
minerals  besides  its  uompciuent  qnartz  and  feldspar,  among  these 
being  garnets^  translucent,  reddish,  and  black  lonrmalines,  the 
latter  abundant  in  slender  crystals  ;  white,  yellow,  and  pale-green 
beryls;  and  the  emeralds.  These  Intter  are  chiefly  small,  1  to 
lOiDiu  f,\^^  by  5  to  25""  long,  but  some  have  been  found  iwo  or 
three  times  larger  tfaan  the  larger  size  named.  Tbcy  are  perfect 
bexngonal  pri(>m3,  generally  well  terminated,  and  are  clear  and  of 
good  color,  with  some  promise  for  gems.  They  very  strikingly 
resemble  the  Norwegian  emeralds  from  Arendal. 

One  vein  outcrops  for  perhaps  a  hundred  vards,  with  a  north  to 
south  strike.  The  results  thus  far  obtained  are  only  from  about 
five  feel  depth  of  working,  so  that  much  more  may  be  looked  for 
as  the  vein  is  developed. 

The  locality  is  fourteen  miles  south  of  Bakersville,  and  about 
the  same  distance  from  Mitchell's  Peak,  a  little  north  of  the  creat 
of  the  Bine  Ridge.  It  is  some  fifty  miles  west  of  the  emerald 
locality  at  Stony  Point,  Alexander  County,  K.  C,  described  by 
William  Hidden  in  1881  in  a  pamphlet  privately  printed  at  Nev 
York,  and  in  the  Transactions  of  the  New  York  Academy  of 
Sciences,  1682,  pp.  101-105,  as  also  by  the  writer  in  "  Gems  and 
Precious  Stones  of  North  America,"  New  York,  188S,  p.  fli, 

I  am  iiHlebl.cil  to  Wossrs.  Ronton  and  Bowmnn  for  the  info^ 
mation  contained  in  this  paper  and  tor  the  privilege  of  examintag 
the  specimens  found  by  them.  as:ORQB  f.  kunz. 

3.  T/ie  Physical  Geology  and  Geography  of  Great  Britain, 
by  the  late  Sir  Andrea  C.  Ramsay,  6th  edition  edited  by  Hobaci 
B.  Woodward,  pp.  1-421  (Edward  Stanford),  London,  IBM.— 
This  simple  account  of  English  geology  prepared  in  1663,  origi- 
nally as  a  course  of  lectures  to  workingmen,  after  having  passed 
through  five  editions  and  now  revised  to  express  the  more  modem 
views  of  geology  still  retains  the  charm  which  came  from  the 
personal  enthusiasm  of  its  author,  a  prominent  figure  in  English 
geology  a  generation  ago. 

4.  The  iStory  of  our  Planet,  by  T.  G.  Bonney,  pp.  1-535  {The 
Cassell  Publishing  Co.) — The  author  of  this  treatise  has  attempted, 
as  he  says  in  his  pretace,  to  tell  the  story  of  our  planet  in  fairly 
plain  words  and  has  framed  the  book  on  a  plan  similar  to  tbst 
adopted  by  Sir  C.  Lycll  in  his  great  work  "The  Principles  of 
Geology,"  the  last  edition  of  which  was  published  twenty-one 
years  ago.  Some  of  the  more  difticult  problems  of  the  science 
have  been  left  out  of  discussion,  and  particular  attention  has  been 
given  to  some  subjects,  in  which  his  personal  interests  have  been 
concerned.  Among  these  latter  are  the  physical  geography  of 
Britain  in  the  earlier  part  of  the  Triassic, — the  affects  and  former 
extent  of  glaciers  and  the  history  and  age  of  certain  crystalliae 
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rooks.  The  book  is  illastrated  and  is  a  thoroughly  readable  book 
for  general  students  interested  in  the  scientific  discussions  of  the 
day. 

III.    Botany. 

1.  Flora  of  Mount  Desert  Island^  Maine%  A  Prtliminary 
Catalogue  of  the  plants  growing  on  Mount  Desert  and  the  adja- 
cent Idands ;  by  Edward  L.  Ramd  and  John  H.  Rbdfibld. 
Cambridge:  John  Wilson  &  Son.  1894. — ^The  territory  covered 
by  this  catalogue  possesses  no  special  botanical  interest  except 
that  which  attaches  to  its  proximity  to  the  sea,  and  to  the  reten- 
tion of  some  of  the  characteristic  glacial  plants.  But  these  two 
features  have  attracted  the  attention  of  a  group  of  assiduous 
explorers  who  now  embody  in  this  convenient  and  pleasing  vol- 
ume some  of  the  results  of  their  studies. 

With  the  exception  of  the  Fungi  and  some  other  Cryptogams, 
the  catalogue  is  considered  by  the  authors  to  represent  fairly  the 
existing  knowledge  regarding  the  species  in  tneir  limits.  The 
anthers  have  had  the  assistance  of  collaborators  who  have  worked 
up  special  genera,  and  they  have  made  extensive  use  of  local  notes 
of  a  trustworthy  character  contributed  by  many  observers.  To 
add  to  the  value  of  the  handbook,  an  interesting  article  by  Prof. 
W.  M.  Davis,  on  the  geolosy  of  the  region,  has  been  given. 
This  article  is  remarkable  for  its  vigorous  and  attractive  style. 

At  the  outset,  the  authors  declare  their  position  with  respect 
to  proposed  changes  in  nomenclature.  After  expressing  the 
belief  in  which  all  must  share,  that  a  catalogue  ought  to  be  made 
as  useful  as  possible  to  all  who  employ  it,  the  joint  authors  waive 
certain  personal  preferences  and  adopt  substantially  the  names  as 
given  in  Gray's  Manual.  They  then  state  with  great  force  their 
reasons  for  not  accepting  the  so-called  Rochester  and  Madison 
codes.  These  reasons  are  essentially  two :  (1)  these  codes  do 
not  in  themselves  possess  elements  of  permanency,  and  (2)  they 
dnregard  the  principle  that  ex  post  facto  legislation  is  inherently 
wrong.  As  a  clear  and  judicial  charge  to  the  jury  of  botanists 
who  have  not  yet  prejudged  the  case,  the  communication  made 
by  the  authors  of  the  catalogue  may  be.  cordially  commended. 

o.  L.  G. 

2.  Researches  in  regard  to  the  respiration  of  Muscineos. — B. 
JdNSSON  (Comptes  rendus,  20  Aug.,  1894). — The  following  is  a 
lummary  of  the  results.  In  mosses  there  is  a  wide  range  of  varia- 
tion as  regards  the  intensity  of  respiration  and  chlorophylline 
assimUation,  and  this  variation  depends  largely  on  the  content  of 
water..  Specimens  of  the  same  species  taken  from  a  very  wet 
place  emitted  more  gas  than  did  those  selected  from  dr^  places. 
Keddish  color  diminishes  both  respiration  and  the  activity  of 
assimilation.  o.  l.  o. 

8.  On  the  Constitution  of  the  Atmosphere  (Comptes  rendus,  20 
Ang.,  1894).  —  T.  L.  Phipson  adds  further  suggestions  to  his 


earlier  one  that  the  primitive  vegetation  wueBsentially  aoa^robic, 

r  Dally  adapting  itself  to  the  chaoging  conditions  bj  which 
amount  of  oxygen  in  the  atmosphere  was  aDgmented  and 
heat  diminished,  and  becoming  thus  partly  afirobic.  Looking  at 
cells,  he  traces  their  course  from  primitive  vegetal  forma  of  an 
aiirobic  type  up  to  the  animal  cell  which  is  strictly  afirobic.  The 
most  interesting  fact  in  the  paper  is  ijiioted  from  ao  earlier  com- 
munication, by  which  it  appears  that  the  confined  atmosphere,  in 
wbich  a  plant  of  ConBotvulus  arveiitis  grew,  contained,  after 
three  mouths,  a  larger  percentage  of  oxygen  than  is  found  tnoar 
atmosphere.  c  U  g. 

IV.       ASTBONOMT    AND     MATHEMATICS. 

1.  TAe  Collected  JUat/iematical pa/>er»  of  JJenry  John  Stephen 
Smith,  edited  by  J.  W.  I.,  Glaibhek,  with  a  mathematical  intro- 
duction by  the  editor,  biograpbical  sketebee,  and  a  portrait.  Two 
vols.,  4°,  pp.  xcv,  603  and  vti,  719.  Clarendon  press,  Oxford, 
1861. — These  volumes  contain  47  papers  published  by  Prot 
Smith,  and  one  memoir  on  the  Theta  and  Omega  Functions  not 
before  published.  All  but  three  or  four  of  the  papers  bare 
appeared  in  the  publications  of  learned  societies  or  in  the  ecies- 
tific  journals  and  therefore  could  be  consulted  by  those  who  had 
access  to  large  libraries.  But  to  all  others  tbey  were  as  a  whole 
practically  inaccessible.  The  volumes  are  designed  as  a  memonal, 
and  in  the  character  of  the  work  presented  and  in  this  form  of  t 
publication  they  constitulc  a  magnificfnt  and  most  worthy  me- 
morial of  a  remarkable  man. 

Professor  Smith's  earliest  work  was  in  pure  Geometry,  but 
very  soon  he  was  attracted  to  the  theory  of  numbers,  and  his  six 
reports  on  that  subject  made  to  the  British  Association  are  well 
known  to  mathematicians.  In  following  years  he  became  inter 
ested  in  elliptic  functions.  The  longest  paper  in  the  second  of 
these  volumes,  that  on  the  Theta  and  Omega  functions,  grew  oat 
of  a  request  to  him  from  Prof.  Glaisher  that  he  would  write  aa 
introduction  to  the  volume  of  Tables  of  the  Theta  Functions, 
which  had  been  computed  by  Prof.  Glaisher  in  connection  with  ■ 
Committee  of  the  British  Association.  For  some  unexplained 
reason  these  tables  have  not  yet  been  given  to  the  public,  h.  a^.  k. 

■2.  Cordoba  Durchmusteruiig  Atlas  containing  the  positiom 
and  brightness  o/'  all  the  Jixed  stars  down  to  the  100  magnitude 
for  the  mean  equinox  of  1S75-0  in  the  belt  of  the  heavens  com- 
prised ketireen  JJ  and  4^  degrees  of  southern  declination  /  to 
accompany  vols,  xvi  and  xvii  of  results  of  the  Argentine  National 
Observatory,  published  by  the  Observatory,  1893.  Also  vol. 
xvii  of  Kesults. — These  twelve  maps  with  the  Argelander  and 
Schi'mfeld  maps  cover  the  whole  heavens  down  to  42°  soutbera 
declination.  This  Durchmnsterung  and  Atlas  formed  part  of  Dr. 
Gould's  plan  of  work  in  going  to  Cordoba,  but  was  deferred  by 
him  in  order  to  carry  out  his  meridian  circle  observations.    It 
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has  been  ondertaken  by  bis  successor  Director  Thome.  The  maps 
are  much  more  crowded  with  stars  as  Mr.  Thorne  observed  stars 
down  to  the  10th  magnitude.  Vol.  xvi  was  distributed  some 
months  ago,  and  now  comes  vol.  xvii  completing  the  catalogue  of 
the  zone.  h.  ▲.  m. 

V.    Miscellaneous  Scientific  Intelligence. 

1.  Popular  lectures  and  addressee,  bv  Sir  William  Thomson 

iBABON  Kelvin),  in  three  volumes.  Vol.  II,  Oeology  and  general 
^hysicSy  pp.  1-699  (Macmillan  <fe  Co.)  1894.- — This  is  the  final 
(published)  volume  of  the  valuable  series  of  opinions,  publically 
expressed  on  numerous  cases  of  general  interest  involving  the 
laws  of  pare  science  in  the  realms  of  physics,  astronomy,  geology 
and  kinared  branches,  by  this  clear  and  calm  judge  of  modem 
science.  Some  of  the  more  important  subjects  upon  which 
decisions  are  given  in  the  present  volume  are  :  The  doctrine  of 
Uniformity  in  Geology ;  the  Annual  loss  of  Heat  from  the  Earth ; 
Geological  time;  the  Origin  and  amount  of  Plutonic  Energy; 
the  Meteoric  theory  of  the  Sun's  heat ;  on  the  Physical  Condition 
of  the  Earth ;  the  internal  condition  of  the  Earth,  as  to  tempera- 
ture, fluidity,  and  rigidity ;  Polar  ice-caps  and  their  influence  in 
changing  sea  levels ;  on  the  origin  of  motive  power,  and  natural 
sources  of  energy,  the  dissipation  of  energy,  etc.  There  are 
also  numerous  addresses,  r6sum68  of  opinions  of  others  and  of 
progress  of  science.  The  articles  have  been  published  in  various 
places,  and  were  originally  delivered  at  various  times  ranging 
from  1856  to  1893,  but  lose  nothing  of  their  value  by  republica- 
tion. In  their  present  form  they  become  accessible  to  the  general 
student  of  science  as  a  body  bi  valuable  scientific  decisions  which 
will  stand  until  a  more  exhaustive  analysis  of  the  facts  shall  be 
made. 

2.  The  International  Geological  Congress  held  its  sixth  meet- 
ing at  Zurich  from  August  29th  to  September  3d,  under  the  presi- 
dency of  Professor  Renevier,  with  an  attendance  of  over  220 
members.  A  large  number  ot  valuable  papers  were  read  of  both 
general  and  local  importance.  A  report  on  the  state  of  progress 
of  the  geological  map  of  Europe  was  made  by  Dr.  Ilauchecorne 
of  Berlin.  Six  of  the  forty-nine  projected  sheets  are  now  ready, 
including  those  for  the  northwest  part  of  Europe,  northern  Ger- 
many, parts  of  France,  Belgium,  Poland,  etc.  The  map  is  being 
published  by  Dietrich  Reiroer,  Berlin. 

Michel  Levy,  in  an  address  before  the  Congress,  proposed  that 
some  general  system  of  classification  of  rocks  be  adopted  by 
petrographers  and  suggested  that  it  be  founded  primarily  upon 
texture  and  secondarily  upon  the  essential  constituent  minerals, 
A  commission  was  appointed  to  consider  the  proposition  and  to 
revise  the  present  classification  and  nomenclature  of  rocks. 

M.  E.  de  Margerie,  Secretary  of  the  Commission  on  Bibliog- 
ntphy  announced  that  the  *' Catalogue  of  Geological  Bibliogra- 
phies "  prepared  by  the  Commission  and  now  in  press  will  be  sent 


Smetii^fic  mtet 


tt^mce. 


gratnitoaBly  to  a!l  members  of  the  iaat  aod  oF  the  present  Con- 

Tbe  giude  book,  prepared  by  the  local  comiti  tTorfftnisation  of 
the  CongreBii,  forms  an  admirable  geological  description  of  the 
importanl  features  of  the  Swiss  Jura  and  Alps.  It  la  a  volame 
of  306  pages  entitled  "  Zivret-ffuide  ffeologiqite  dans  leJurti^ 
U»  Alpes  de  la  Suiite"  with  numerous  woodcuts  and  thirteen  col- 
ored mapa,  illustratiag  the  ilinerariea  of  the  eleven  excarsiona 
planned  for  the  members,  and  was  prepared  by  several  of  the 
ablest  Swiss  geologists.  This  guide  boolt,  together  with  a  beau- 
tiful new  geological  map  of  Switzerland,  on  a  scale  of  1 :  300,000, 
bi-ings  before  geologists  the  latest  detailed  acientiSc  interpreta- 
tion of  ihia  always  interesting  region  of  the  Alps. 

The  next  meeting  of  the  Congress,  the  seventh,  will  be  held  in 
1807  at  St.  Petersburg.  Arrangements  are  being  made  for  a  par- 
ticnlarly  interesting  meeting  in  Russia,  excursions  are  plaaneato 
cross  RuBHia  and  the  Urals  into  Siberia,  and  one  to  the  Caucasus 
and  the  Caspian  Sea.  The  Czar  has  expi-essed  hia  interest  in  the 
Congress  by  inviting  it  to  meet  in  St.  Petersburg,  and  by  sub- 
scribing liberally  toward  defraying  the  expenses  of  the  CongreiB 
at  its  Kussian  meeting. 

3.  Chloride  of  vitrcury  batteries. — Mr,  D.  H.  Fitch  of  Caze- 
novia,  N.  Y.,  wiehes  attention  called  to  the  fact  that  he  made 
use  of  the  chlorides  of  mercury  as  the  active  agents  in  chemical 
batteries  prior  to  the  date  of  Helmholtz'a  description  cited  in 
Professor  Carharl's  article  in  this  Journal.*  Mr.  Fitch  took  out 
a  United  Stales  patent  for  a  battery  constructed  on  this  principle, 
dated  Sept.  16,  1870,  the  application  lor  which  was  filed  Sept.  9, 
1878,  entitled  No.  219,031,  Galvanic  Batteries,  Derick  H.  Fitch. 
L'or  a  Minat  Qtrat*  {Brlxil),  by  P*DL  Fbbb^md,  Vol.  I,  pp.  159,  Onrci  Preto, 

lSd4. 
JIfinnesota,  Qeological  and  Nat-ural  Hi*t/rry  Survey,  Vol.  III. 

The  LoiBtr  Silurian  Oitracoda  of  Minnetola,  by  K.  0.  Oliicb,  pp.  619-693, 

1894. 
TIk  Louwt  Silurian  Trilobitti  of  Minntaola,  by  JoBM  U.  Clabk,  pp.  69(- 
TS9.    1894. 
The  Animal  as  a  Machine  and  a  Prime  Motor,  and  tht  lawi  of  EnrrgtHc), 
by  R.  H.  TutTBSlOK,  pp.  1-97  (John  Wiley  t  Sons).    1894. 

Conffrt*  gioloffiquet  interna f tonal,  Livret-piide  geologiqtie  (fans  le  Jura  el 
lei  Alpta  de  la  Suiaee.     (Comil«  d'OrgaDJaation,  VI  Sesaion,  Zurich),  pp.  1-31)6. 
89  flgures,  i-iiii  plales,     1894. 
Arkanxa,  Annual  Report  of  the  Oeologieai  Survey  for  189S,  Vol.  IT,  Thr 
Tertiary  Otology  of  Southern  Arkanaai,  by  G.  D.  HaBBIs,  pp.  1-207.    1894. 
Miscellaneoui  Reports,  pp.  1-349.      1894; 
F.  W.  SiMOSi>s  and  T.  C.  Uopkiks:  Tbe  Geology  of  Beotoo  County. 
J.  C.  Bbannrr:  Elevations  in  Ibe  Slate  of  Arkansas. 
J.  C.  Bkah.-ier:  Observations  on  erosion  above  Litlle  Rock. 
J.  C,  Brahnbr;  Magnetic  observations. 
F.  A.  Sampson:  Tlie  Moiluaca  of  Arkansas. 
C.  H.  Bolluan:  The  Mjriopoda  of  Arkansas. 
Setu  E.  Meecu:  The  Fishes  of  Arkansas. 
C.  K.  Sikuentual:  The  GeolORy  of  Dallae  County. 
J.  C.  Bbanner:   Bibliography  of  the  Geology  of  Arkanaua. 

*  A  one-volt  standard  cell.    This  Jounul,  vol.  zlvi,  p.  60. 
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Abt.   LXI. — Inversion  of  Temperaturee  in  the  26*68   day 
Solar  Magnetic  Period  /*  by  Frank  H.  Bigblow. 

The  Epoch  and  use  of  the  Ephemeris, — In  previous  abstracts, 
containiDg  some  of  the  results  of  mj  research  into  the  relations 
between  solar  magnetism  and  meteorological  phenomena,  no 
complete  account  has  been  given  of  the  formation  of  the  Epoch 
and  general  use  of  the  Ephemeris.  A  brief  statement,  now- 
ever,  interpoaed  at  this  place,  may  be  of  service  to  some  who 
are  interested  in  this  subject.  The  Ephemeris  depends  chiefly 
on  the  European  Stations,  Greenwich,  Paris,  Pola,  Prague, 
Vienna,  Pawlowsk,  and  Tiflis,  the  mean  geographical  position 
of  the  group  being,  longitude  17°  7'  east,  and  latitude  48®  37' 
north.  Each  of  these  stations  reports  24  observations  of  the 
three  components  of  magnetic  force  every  day,  and  the  mean 
of  these  values,  therefore,  is  equivalent  to  an  ordinate  on  the 
scale  of  abscissas  at  noon  of  the  station.  Certain  periodic 
changes  were  found  in  the  system  of  deflecting  forces  that 
emerged  from  the  daily  residuals,  of  which  one  type  was  pecu- 
liarly conspicuous.  The  first  day  following  this  principal 
change  was  called  number  one  of  the  new  period,  and  from 
such  dates  the  mean  epoch  for  the  year  1887  was  computed, 
namely  June  12*22,  being  very  near  the  middle  of  the  last 
quarter  of  the  century.  Strictly  this  applies  to  the  position  at 
longitude  1**  8"  28*  east,  but  not  thinking  the  data  of  astronom- 
ical accuracy,  I  have  in  my  work  taken  the  epoch  as  practi- 
cally Greenwich  mean  time,  the  correction  being  —0-05  day,  if 
applied. 

*Commuoicated  by  permission  of  the  Chief  of  the  Weather  Bureau. 
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F.  11.  Bigelow — Jrtrersion  of  Temperatit: 

The  temperaturea  of  the  United  States  have  been  plotted  ob 
long  rolls,  ae  deecribed  in  mj  paper  of  Jannary  (Astron.  and 
Astro-Physics),  lBi»4,  for  more  than  3(i  periods  beginning  1898, 
Jan.  IS'Oe,  and  continning  to  date,  and  inclnding  the  eiKteen 
dietricts  into  which  the  aynopsifl  of  tompcnitures  was  snbdi- 
vided.  the  Yuma  district  not  partici)>nting  in  these  changes 
The  time  of  the  eastward  movement  from  the  origin,  to  the  mean 
geographical  position  of  the  district  to  which  the  last  station 
incladed  in  the  gronp  gives  the  name,  is  as  follows  in  days  and 
tenths  of  a  day,  for  tliree  different  series  of  months,  in  each  of 
which  the  rate  is  approximately  the  same.  It  will  be  necessary 
to  say  something  more  regarding  the  winter  and  the  eummec 
circnits  of  the  movement,  in  a  later  section  of  this  paper. 

Eaatward  movemetU  of  the  Thm/mralurt  Wavfji  of  t/te  Unit«i 
ikateafrom  l/ie pn»ith>i,  Lo»g.  ilH"   W.  Lat.  -55°  JV, 

JuQp,       Soplcnhtr, 
July,        Ucubw, 


DotHiniber, 
Jnnunrj, 
Fobniary, 
March. 


Kime  of  LoQgi-  Monn 

District.  tude,  IdiUnide. 

I.  Roaoburg lB2''.'i3'       40"  *2' 

3.  Calgary 107    -13         50    46         ()-3  0-3 

3.  Salt  Lake  City,  109      7        44    59         O'B  0-7 

4.  FortBufoj-d..     99    42         45     9  1-1  1-1 

6.  SiouxCity 9S    20        30    43         1-4  1-6 

0.  Tin^snn Uia    ■;?((         37    2^  \-~  2-0 

7.  Corpus  Chrisli, 

8.  Saint  Louis... 
0.  Diilulh    , 

10.  Saugeen 

11.  Porl  Huron  .. 

12.  Pittsburg 

13.  New  Orleans . 

14.  Key  Wpri   ... 

15.  Washington.. 

16.  Northtield 

Inversion  of  Tem^ 

established  for  reducing  ail  temperature  variations  to  the 
origin,  and  using  the  rates  of  eastward  movement  as  given  in 
the  preceding  table,  a  series  of  periods,  thirty  in  number, 
from  Jan.  IS'Ofi,  18(12,  to  Dec.  11-74.  1893,  inclusive,  Iiai'e 
been  thus  treated.  One  hundred  and  thirty  stations,  arranged 
in  sixteen  groups,  were  taken  and  the  mean  of  the  8  A.  M.  and 
8  A.  M.  tabulated.  Tliese  gronps  were  arranged  in  four 
divisions: 

I,   Roseburg,  Calgary,  Salt  Lake  City,  Fort  Baford. 
II.  SiouJt  City,  Tucson,  Corpus  Chrisli,  Saint  Louis. 

III.  Dululh,  Saugeen,  Fort  Huron,  Piltflburg. 

IV.  New  Orleans,  Key  West,  Washingtou,  Nortbfield, 
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has  not  entered,  the  final  result  as  plotted  on  a  curve  will 
match  the  mean  magnetic  carve  by  moving  the  latter  about 
eiffbt  hours  to  the  ri^t. 

Since  the  epoch  is  that  of  the  mean  ordinate  oorresponding 
with  noon,  the  real  beginning  of  the  magnetic  curve  is  twelve 
hours  earlier.  There  is  this  practical  advantage  in  retaining 
the  ephemeris  on  the  noon  ordinate,  namely,  that  in  following 
the  tractional  part  of  the  dates,  this  ordinate  may  oscillate 
between  the  one  and  the  ninety-nine  hundredths  of  a  day,  and 
yet  without  changing  the  name  of  the  day  when  it  exceeds 
fifty  hundredths.  Therefore  in  tabulating  data  through  many 
periods  the  integer  date  of  the  day  can  be  always  taken  and 
the  fraction  neglected,  since  it  is  clear  that  the  oscillation  due 
to  fractions  of  a  day  will  soon  balance  themselves.  The  con- 
venience of  this  device  in  practical  work  is  very  evident. 

There  are  some  plausible  reasons  for  adopting  the  116^  mend- 
ian  west  lonaitude  as  the  prime  meteorological  meridian  for 
the  United  States,  Near  it  is  the  junction  of  the  high  polar 
circuit  with  the  midlatitude  circuit ;  the  low  pressure  belt  is 
thus  chiefly  interrupted  by  temperature  waves  at  this  point ; 
near  it  is  the  greatest  range  in  the  temperature  intensities ; 
from  it  most  conveniently  can  be  computed  the  rate  of  the 
eastward  march  ;  the  weather  conditions  originating  on  this 
stage  of  the  meteorological  field  are  propagated  with  such  other 
variations  as  are  due  to  the  relaxation  and  disintegration  of  the 
same  across  the  United  States ;  the  convenience  of  a  meridian 
for  meteorological  reductions  and  the  use  of  the  ephemeris ; 
the  simple  practical  correction,  half  a  day,  from  European  to 
American  phenomena.  One  point  should  be  carefully  remem- 
bered by  meteorologists.  It  is  necessary  to  distinguish  between 
the  phenomena  of  the  pure  ether  and  of  ponderable  matter. 
Magnetic  forces  are  due  to  ether  stresses  alone,  and  hence  those 
produced  by  the  solar  field  are  cosmical,  and  act  instantaneously 
as  well  as  simultaneously  over  the  wliole  earth ;  when  this 
ether  energy  is  absorbed  by  the  gases  of  the  atmosphere,  the 
forces  are  converted  into  those  having  their  seat  in  ponderable 
matter,  and  hence  the  time  factor  due  to  convection  or  conduc- 
tion must  not  be  disregarded.  Now  the  polar  magnetic  field 
chiefly  concentrates  in  British  America,  and  this  combined 
with  the  general  movements  of  the  air  causes  the  resulting 
temperature  effects  to  be  felt  in  other  places  only  as  the  motion 
of  tiie  air  allows  them  to  spread.  Hence  at  other  stations,  as 
in  the  east  of  the  United  States,  the  time  discrepancy  between 
the  variations  of  the  magnetic  field  and  the  temperature 
changes  differ  by  three  or  four  days.  It  is  necessary  to  add  to 
the  epoch  of  the  ephemeris  this  number  to  bring  the  synchro- 
nism approximately  to  view. 
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without  regard  to  the  phase  times,  controlling  the  amplitude 
of  the  crests.  £t  must  be  remarked  that  nothing  le£6  than  a 
very  accurate  determination  of  the  period  of  rotation  of  the 
Bun,  would  permit  the  anrvival  of  any  reeiduals  in  such  an 
irregalar  curve.  Hence  by  as  nineli  as  there  remain  residnalt, 
which  being  derived  from  Tery  different  sources  yet  prodnco 
the  same  curve,  the  argument  in  favor  of  the  existence  of  th« 
eyatem  of  forces  in  natnro  corresponding  to  them  is  greatly, 
Btrengthened. 


Since  the  labor  of  constructing  such  elaborate  tabulatioJ 
very  great,  especially  in  extending  the  same  over  a  seria 
years,  resort  was  had  to  a  shorter  process  for  the  years  19 
1891.  It  had  been  observed  that  the  temperature  variaticBT 
the  Dakota  Stations  were  the  least  distorted  from  the  fll 
mental  curve,  doubtless  due  to  the  continental  location,! 
amplitudes  being  large  and  the  phases  steady,  and  be 
statiouB,  Fort  Buford,  Bismarck,  St.  Vincent,  Moorhead  i 
Huron,  were  employed  for  this  purpose.  By  a  similar  metn 
allowing  one  day  for  the  reduction  to  the  origin,  the  follo^ 
table  and  curves  were  constructed.  In  the  case  of  each  :  _ 
of  curves  the  plotting  is  moved  8  hours  to  the  left  to  aliowl 
the  longitude  on  tlie  Epheincris  not  yet  taken  into  the  esm 
the  rule  covering  ail  cases  being,  "  For  any  station  correct] 
epoch  and  sacceeding  dates  of  the  Ephemeris  by  addingk 


longitude  from  Greenwich   and  the  tiin 
ment  from  the  American  origin." 


of  eastward  i 


444       F.  B.  BigdotB — Itvoeraion  of  Tmn^eraturta  ut 

of  the  existence  of  &  s^stera  of  magnetic  poles  and  heterogec- 
eons  distrihutiou.  Furthermore  the  cosmical  region  between 
the  eon  and  the  earth  mast  be  filled  with  a  magnetic  radiation 
as  distinct  from  the  oleetro magnetic  tield.  a  fact  of  profouaij 
significance  in  considering  the  relations  of  electricity  and  mag- 
netisin  to  the  constitution  of  the  ether.  The  meteorolo^cal 
system  ia  under  the  direct  influence  of  this  solar  field.  aDiJ 
filiowB  iteelf  primarily  in  the  temperatures  of  the  polar  regions, 
and  secondarily  in  the  circnlatione  of  the  air  dependent  upon 
them.  Other  phenomena  of  this  polar  field  are  the  solar  luiig- 
netic  storms,  the  earth  currents,  and  the  aurora  which  is  prop- 
erly the  visible  vibration  of  this  magnetic  radiation  in  pasiiog 
tbrougb  the  atmosphere,  in  variable  intensities. 

Variations  of  the  Jifeteoroloffieal  and  the  Magnate  ^emmtt  w 
the  AiuiwM  and  C/u  Sun  Spot  period*. 

An  extensive  compilation  of  material  has  been  worked  oDt 
tit  determine  whether  the  eynchronoua  variations  of  meteoro- 
logical and  magnetic  elements  extend  to  long  periods,  such  u 
the  aiinnal,  dne  to  the  orbital  motion  of  the  earth,  andtba 
eleven  year  period,  of  which  the  ann  spot  frequencies  is  chir- 
aoteristic.  The  results  arc  briefly  meutioned,  as  a  CDtuplete 
'    description  of  the  process  is  not  suitable  to  thia  paper. 

An  arbitrary  scjile  was  eotistrncteil  on  scmi-tmnsparent  c-elln- 
loid,  the  size  of  the  daily  wealhtir  map,  on  which  the  line?  of 
latitude  and  longitude  are  drawn,  as  well  as  certain  cnrret 
more  or  less  parallel  to  and  others  perpendicular  to  the  Hif;ii 
Pressure  Belt  of  the  United  States.  By  means  of  these  mete- 
orological coordinates,  the  positions  of  the  estimated  centers  "f 
all  t!ie  Highs  and  Lows,  as  well  as  the  axis  of  tbe  clearlj  de- 
fined waves  (see  previous  paper)  were  read  off  fortheye.if* 
18S2-1S93  inclusive.  These  were  separated  into  northern  ami 
southern  groups,  which  Were  treated  independently.  Thi' 
coordinates  were  condensed  and  tabulated  so  as  to  be  coilecied 
by  years  and  by  magnetic  periods,  the  object  being  to  le-arn 
whether  such  mean  coordinates  show  any  variations  in  Ihe 
latitude.  The  accompanying  map  shows  the  resulting  positiLms 
of  the  mean  North  and  Soutli  High,  and  North  and  South  Lu« 
Pressures,  respectively,  and  also  the  axis  of  tbe  advancing  wave. 
The  North  Low  and  the  Sonth  High  lines  are  recognized  as  tlie 
axes  of  Ferrel's  Low  Pitss&ure  belt,  which  forms  a  portion  of 
the  polar  circuit,  and  the  Mid  latitude  high  pressure  beltwhicli 
forms  the  tropical  cireuit.  TJie  North  High  track  is  the  avenue 
jwsition  of  the  Eiglis  traveling  along  the  polar  circnit;  ttf 
Sonth  Low  is  that  of  the  average  position  of  formation  *' 
oTOiirrpiicn  of  cvrioTies  in  the  Southern  United  States,  T^ 
ment  from  the  American  origin."  "  ^M 
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sion.  The  four  surveys  naturally  give  data  for  superseding 
the  earlier  estimates,  and  if  the  mean  rate  of  retreat  of  the 
falls  during  48  years,  be  taken,  its  age  would  appear  to  be 
9,000  years.  The  conjectures  of  the  older  geologists  have 
been  set  aside  by  recent  writers  who  have  endeavored  to  reduce 
the  age  to  7,000  years  by  using  the  maximum  rate  of  measured 
recession.     Substituting  a  measured  rate   of   retreat   for  one 

Inrely  assumed  was  a  step  in  the  right  direction,  but  without 
nowing  it,  the  later  writers  were  farther  astray  than  the  earlier, 
for  they  neglected  to  take  into  account  the  changing  episodes 
of  the  river,  which  was  not  known  to  the  earliest  observers. 
Only  one  other  geologist  besides  myself  has  called  attention  to 
the  varying  forces  which  have  made  the  Niagara  caflany — and 
this  is  Mr.  G.  K.  Gilbert,*  by  whom  and  the  writer  the  princi- 
pal phenomena  aflEecting  the  nistory  of  the  river  have  been  dis- 
covered. The  last  question  which  had  to  be  determined  before 
a  computation  of  the  age  of  the  falls  could  be  undertaken  was 
the  approximate  amount  of  work  accomplished  by  the  river 
daring  each  of  the  episodes  in  its  history.  This  I  was  able  to 
estimate  last  fall. 

2.  Modern  Topography, 

For  distance  of  19  miles  from  Lake  Eric  (573  feet  above 
tide),  the  Niagara  peninsula  is  a  plain,  with  slight  undulations, 
rising  from  15  to  30  or  40  feet  above  the  lake.  But  three 
features  are  notable :  (a)  a  drift  ridge  trending  westward  from 
the  falls  and  surmounted  by  a  beach  (L,  fig.  8)  rising  to  114 
feet  above  the  lake,  with  a  knob  30  feet  higher,  at  Drummond- 
ville ;  (h)  at  the  outlet  of  Lake  Erie,  the  river  cuts  through 
an  escarpment  of  Devonian  limestone,  which  there  rises  to 
about  30  feet ;  and  {c)  at  a  point  about  a  mile  north  of  the  site 
of  the  falls  there  is  another  limestone  ridge  here  named 
William  Johnson's  ridge  in  honor  of  the  first  settler  («,  ^,  tig.  1) 
with  an  elevation  of  40  or  50  feet.  Between  these  two  rocky 
ridges  is  the  Tonawanda  basin.  From  the  northern  margin  of 
the  plain,  the  escarpment  suddenly  descends  about  240  ^et  to 
a  lower  plain  whicn  extends  eight  miles  to  the  shores  of  Lake 
Ontario  (247  feet  above  the  sea).  Upon  leaving  Lake  Erie 
the  river  channel  is  only  a  quarter  of  a  mile  wide  but  reaches 
a  depth  of  48  feet.  After  passing  the  Devonian  escarpment, 
the  river  is  broad,  even  a  mile  and  a  half  above  the  fall,  with 
a  depth  of  from  1  to  16  feet.     The  cafion  is  about  36,500  feet 

*Mr.  Gilbert  writes  thus:  "You  are  aware  that  I  am  everywhere  quoted  as 
eitimaUiig  the  age  of  the  river  (Niagara)  as  about  7,000  years.  It  was  partly  to 
dispel  ttiifl  impression  that  I  wrote  ....  In  point  of  fact  I  have  made  no  estl- 
iBftU  and  my  opinion,  so  far  as  I  have  one,  is  that  the  ag^  of  the  river  is  much 
graatsr  than  7,000  years." 
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CONTBHTSi: 

1.  GoDJactureB  as  to  the  Age  of  Niagsrn  Falls. 
i.  Modern  Topograph;, 

3.  Qeologr  of  tbe  Diatriot. 

4.  Aucleut  Topography  aud  the  Biuiemeat  of  the  RiT«r. 
B.  Discharge  of  iha  Kiigara  River. 

6.  Uodern  [teceasioa  of  the  Falls. 

7.  Sketch  of  the  Lake  History  nnd  the  Natirity  of  Niagara  River, 

i.  Episodeii  of  tho  River  and  tlie  Durution  of  Bach.     Age  of  tli«  Follfl. 

5.  Conflrmntion  of  the  Ago  of  the  Faliij  by  (ha   Pheaoineiu  of  T«n'BStnnil 

Movameota. 

10.  Itolnlionaliip  of  the  Falls  lo  Geologiuil  Time. 

11.  Emlof  Iho  Falls. 

12.  ConduHloaa, 

I.  Conjectures  aa  to  the  Age  of  the  FhlU. 
About  tlio  year  ITfiO,  Sir  William  Johnson  acquired  pos- 
seBBioQ  of  Niagara  Falls,  and  from  that  time  ite  recession 
iropressed  iteelf  npon  the  few  ohsGrvers,  so  that  when  Andrew 
Eliieott  made  the  first  survey  of  the  chasm,  shortly  before 
1700,  lie  was  infuritied  that  tlio  cataract-  had  receded  twenty 
feet  ill  thirty  years;  whereupon  lit;  eoin^liided  that  its  age  was 
55,440  years.*  Bakewell's  estimate,  in  1830,  reduced  its  dura- 
tion to  about  12,000  years.f  According  to  Lyeli,  in  1841,J 
the  Falls  was  about  35.000  years  old,  and  this  conjecture  was 
generally  accepted  until  a  few  years  ago.  The  first  steps 
taken  towards  the  determination  of  the  age  of  the  falls  were 
those  to  ascertain  the  rate  of  actual  recession.  In  1842,  Prof. 
James  Hall  triangulated  the  cataracts  ;§  in  18T5,[  the  Lake 
Survey;  in  1886,t  Prof.  R.  S.  Woodward;  and  in  1890,** 
Mr.  Aug.  S.  Kibbe  repeated  the  measurements.  In  1819,tt 
the  International  Commission  surveyed  the  river,  and  showed 
that  the  apex  of  tho  cataract  was  very  acute,  yet  if  does  not 
appear  that  the  measurements  could  be  compared  with  the 
later  surveys  made  for  the  determination  of  the  rate  of  reces- 

•"  Journal  of  William  llaclaj,"  AppletoDB.  1890. 

tCited  in  "Travels  iu  ."Jorlh  AiiiLTiea  iu  1311,"  by  Sir  Charles  Lyell,  vol.  ii, 
p.  27. 

X  Tho  same. 

§  '■  Natural  History  of  New  York,"  Part  IV,  vol.  i»,  p.  184. 

I  Lake  Survey  Chart. 

IF  Report  of  the  moetinR  of  the  Am,  As.  Ad.  Sc,  in  Science,  Sept,,  1886. 

••Ilh  Rept.  Com.  State  Res,  Niag,.  1891. 

ft  Printed  by  the  (J.  S.  Lighthouse  Board. 
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Oberbeck's*  electric  work,  undertaken  in  a  different  direction 
with  a  view  of  showing  the  occurrence  of  an  allotropic  state  in 
Carey  Lea's  silver  has  quite  failed  to  convince  us.  We  see  no 
reason  for  withdrawing  the  views  which  we  originally  expressed 
(1.  c.) 

3.  At  the  close  of  our  experiments  f  we  suggested  that  a 
Held  of  great  promise  would  be  found  in  the  metallic  optics  of 
colloidal  silver.  Work  of  this  kind  has  since  been  taKen  up 
with  success  by  Wernicke.  J  The  change  of  phase  observed  on 
the  reflection  of  light  from  thin  metallic  laminse  enclosed 
between  clear  media,  with  the  front  plate  of  greater  refractive 
index,  is  either  an  acceleration  or  a  retardation,  according  as 
the  metal  is  intrinsically  coherent  or  non-coherent  The 
method  is  remarkably  sensitive  and  applicable  to  metallic  films 
so  thin  as  to  be  quite  invisible  to  the  eye.  Tested  in  this  way 
colloidal  silver  according  to  Wemicke§  takes  rank  with  bodies 
which  in  their  ultimate  nature  are  an  aggregate  of  individual 
particles,  however  small  they  may  be,  or  liowever  perfect  the 
mirroring  surface  which  an  even  distribution  may  produce. 
It  is  this  method  which  is  to  be  looked  to  for  decisive  results, 
not  only  for  silver  but  for  other  colloids. 

4.  Of  the  two  interpretations  which  may  be  given  of  Carey 
Lea's  brilliant  discovery,  the  one  originallv  advocated  by  Dr. 
Schneider  and  myself  is  to  me  intensely  the  more  interesting. 
As  an  aggregate  of  excessively  fine  suspended  particles,  colloidal 
silver  introduces  a  whole  series  of  fascinating  physical  problems, 
subject  to  forces  which  as  to  their  nature  are  almost  tangible. 
Even  in  an  ordinary  case  of  sedimentation  if  I  write 

Muddy  water  +  acid  =  acidulated  water  +  mud, 

the  latter  body  being  precipitated,  I  have  a  chemical  equation 
in  embryo, — an  equation  I  which  so  far  as  can  now  be  discerned 
lacks  stochiometric  precision,  but  which  in  its  general  charac- 
ter is  undoubtedly  a  double  decomposition.  If  the  actuating 
forces  be  traced,  they  must  lead  by  slow  gradations  up  to 
afSnity. 

Washington,  October,  1894. 

•Oberbeck:  Wied.  Ann.,  xlvi,  p.  265,  1892;  xlvil,  p.  353, 1892; 
f  Bams  u  Schneider:   Wied.  Ann  ,  xlviii,  p.  336,  1893. 
i  Wernicke:   Wied.  Ann.,  li,  p.  448,  1894;  hi,  p.  515,  1894. 
§  Wernicke:  1.  c.  p.  523. 

I  In  the  same  way  I  picture  to  my8'»lf,  the  remarkable  physical  effects  pro- 
duced by  traces  of  foreign  admixtures  in  metallurgy. 
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nearly,  makine  the  diameter  {'Ir)  of  the  pores  smaller  than  the 
wave  length  of  violet  light,  Schneider  showed  however  that 
colloidal  silver  passes  readily  through  such  a  septum  whereas 
the  alcoholic  precipitate  fails  to  do  so.  The  particles  are 
therefore  respectively  smaller  and  larger  than  the  diameter* 
given.  If  10"'  cm  be  taken  as  the  order  of  molecular  dimen- 
Bions,  the  size  in  qnestioa  is  at  lassX  1000  times  as  large,  show- 
ing the  aggregates  to  consist  of  the  enormous  number  of  10' 
moleculea,  at  least.  There  is  thus  an  abundance  of  room  for  par- 
ticles containing  (say)  100  molecules  to  the  aggregate,  and 
■forming  suspensions  in  water  (colloids)  in  their  general  aspects 
hardly  distinguishable  from  true  solutions. 

It  is  interesting  to  asfc  how  great  a  pressure  would  force  the 
water  out  of  a  septum  just  large  enough  to  let  the  particles  of 
the  size  in  question  (5x10"*  cm)  pass.  It  would  take  several 
thousand  atmospheres,  and  it  is  therefore  quite  impossible  to 
test  tiner  septa  like  animal  membrane  to  the  extent  ia  ques- 
tion. Nevertheless  if  the  attempt  be  made  to  grade  porous 
clay  septa,  prepared  by  sucoesslve  vitrifications,  by  the  method 
en,  I  dare  say  that  a  range  of  mean  diameters  of  pores  could 
obtained,  sunicicnt  to  answer  many  outstanding  dimensional 
questions't-  in  relation  to  the  colloidal  state ;  but  one  should  be 
prepared  to  exert  preasnrea  as  high  as  100  atmospheres. 

2.  There  is  nnotlicr  point  of  view  from  which  colloidal  silver 
invites  treatment,  this  time  in  the  solid  state.  Dr.  Schneider 
and  I  interpreted  the  high  degree  of  insulation  which  we 
detected  in  Carey  Lea's  metallic  mirrors  as  an  instance  of  the 
allied  behavior  of  non-coherent  metallic  matter,  iu  general. 
Wohler  (quoted  hy  Wernicke)  showed  this  some  50  years  ago; 
but  our  references  were  chiefly  directed  to  the  recent  work  of 
Auerbacb  J  and  of  Ed.  EranlyS  the  latter  of  whom  in  par- 
ticular proved  that  non-conduction  ceased  when  an  electric 
spark  was  passed  through  the  column  of  powder.  One  therefore 
readily  calls  to  mind  the  startling  results  recently  obtained  by 
Oliver  Lodge  I  with  his  "  coherer,"  and  the  question  is  perti- 
nently a^ked  whether  solid  colloidal  silver,  swept  by  a  train  of 
electric  surges  will  begin  to  show  increased  electric  conduction, 
as  it  does  for  instance  under  the  influence  of  heat. 

•  13y  the  hydrodynatric  melhod  particles  imaller  then  2  x  10-*  were  measured, 
supposing  the  method  Touched  for.     Ostwald's  Zta ,  1.  c. 

+  i  may  here  call  to  mind  the  allied  geological  fact  tbat  hot  water  will  pass 
through  porous  rock  iu  virtue  of  capillarily,  iu  the  face  of  ei 

t  Auerhacb:  Wied.  Add.,  iiviii,  p  604,  1836. 
SBnmly:  Phil.  Mag,)a),  iiiiv,  p.  530,  1B92, 
JLodge:  Nature,  vol.  I,  p.  136,  1894. 
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sarily  remained  as  a  reftnit  of  differences  in  the  size  of  particles 
in  the  two  cases,  the  silver  being  much  more  iineij  com- 
minuted. For  this  reason  we  can  not  admit  that  Mr.  Lea's 
recent  experiment  is  decisive.  A  similar  test  had  already  been 
made  by  Wange*  and  it  was  repeated  by  ns  with  the  remark 
that  the  Tyndall  experiment  is  no  valid  criterion  nnless  precise 
statements  are  maae  as  to  the  size  of  particles  whicn  jnst 
appreciably  interfere  with  optical  clearness.  In  other  words 
tne  dimensions  below  which  Tyndall's  experiment  practically 
fails  are  here  vitally  in  question,  and  data  for  these  have  not 
been  forthcoming. 

Suppose  a  solid  is  dropped  into  an  excess  of  its  solvent.  In 
order  that  the  system  may  become  a  solution,  the  disaggregar 
tion  must  at  least  reach  the  molecule.  In  electrolytes  it  may 
even  go  further  as  is  evidenced  by  Arrhenius's  celebrated  fac- 
tor 2.  But,  under  other  circumstances,  may  not  the  separation 
stop  short  hefoi'e  the  molecule  is  reached  ;  or  conversely,  when 
a  precipitate  is  being  formed  out  of  individual  molecules,  may 
not  the  process  of  growth  be  arrested  in  virtue  of  an  equi- 
librium of  forces  when  the  particles  formed  consist  of  2,  10, 
100  or  even  1000  molecules?  To  answer  affirmatively  is  to 
find  a  home  for  the  family  of  colloidals,  and  they  will  more 
nearly  resemble  solutions  in  proportion  as  the  particles  are 
smaller.  Certainly  the  beam  of  light  is  no  longer  an  available 
criterion,  for  the  whole  phenomenon  is  mappea  out  on  a  scale 
which  is  small  even  in  comparison  with  the  wave  length  of 
light. 

2.  About  a  year  and  a  half  ago  I  incidentally  made  an 
experiment  in  connection  with  certain  meteorological  ques- 
tions, which  has  a  precise  bearing  on  the  point  here  at  issue. 
In  the  endeavor  to  pass  compressed  air  through  a  wet  porous 
porcelain  septum  into  water,  I  was  struck  by  the  magnitude  of 
the  pressures  necessary.  Supposing  I  waited  long  enough  to 
insure  the  transpiration  of  liquid,  no  flow  of  gas  through  the 
septum  occurred  for  pressure  excesses  of  even  above  100  lbs., 
excepting  at  isolated  points  which  were  obviously  the  seat  of 
fissures.  Now  let  T  be  the  surface  tension  of  water  in  dynes 
per  linear  centimeter,  a  the  angle  of  capillarity,  r  the  mean 
radius  of  the  pores  of  the  septum,  and  x  the  pressure  of  the 
gas  in  atmospheres.     Then  (very  nearly)  lO'ajn-r*  =  2;r;'Tco8a,  or 

r  =  22bosa/10*a; 

If  therefore  in  the  above  experiment,  a?  =  8  atm.,  T=  71 
(^Everett's  tables,  p.  50),  cosa  =  1  (say,  for  the  superior  limit  is 
in  question), 

r=  18XlO-*cm, 

*  PraDge :  Rec  des  Tray.  chim.  des  Pays.  Bas,  iz,  p.  125. 


Solar  Magnetic  Period. 

apparently  some  action  within  the  solar  nucleus  which  ie  not 
jet  anderetood.  For  if  the  periods  of  direct  and  inverse  tem- 
peratures are  collected  in  a  lahle,  marked  D  and  I  respectively, 
it  is  seen  that  there  is  a  peculiar  seqnence  among  them  in  rela- 
tion to  the  sun  spot  carve.  The  D  and  I  periods  interchange 
position  in  the  tabic  along  with  the  son  spot  variatione,  the  I 
type  following  the  curve  directly,  and  the  D  type  inversely. 
What  this  signifies  in  solar  physics  it  is  not  yet  possible  to  say, 
though  it  probably  has  to  do  with  the  nature  of  flo-ealled  posi- 
tive and  negative  magnetism.  Such  material  needs  perfecting 
to  reach  its  final  form,  hut  the  clue  here  presented  is  so  sug- 
gestive that  it  is  published  as  it  stands  at  this  time. 
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Aet.  LXII.     liemarka  on  Colloidal  Silver ;  by  C.  Baris. 

1.  In  the  absence  of  Dr.  E.  A,  Schneider  I  wish  to  say  that 
there  does  not  seem  to  be  any  real  issue  between  the  recent 
note  of  Mr.  Carey  Lea*  and  our  own  work.f  It  was  our 
endeavor  to  arrive  at  new  data  relative  to  colloids  in  general, 
and  colloidal  silver  was  chosen  merely  as  a  promising  subject 
for  attack.  We  showed  at  length  that  colloidal  silver  possesses 
properties  which  can  be  explained  with  reference  to  the 
analogous  hehaviorof  suspended  sediments.     Differences neces- 

•CarovLen:  this  Journal:  October,  1894. 

t  Barn's  u.  Schneider :  Oatwald's  Zeitsdirif t : 
zlviii,  p.  327,  1S9:).  Full  rcfercticcH  to  ttie  a\i< 
tions  are  there  given. 

Av.  JouB.  Sci. — TuiKD  Sbhlbs,  Vol.  XLVIII,  No.  288. — Dec., 
29 
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calm  area  or  one  of  variable  winds,  the  vapor  contents  being 
cooled  by  mixture  with  the  lower  temperatures  and  therefore 
precipitated ;  at  the  same  time  with  the  counter  flow,  right 
nand  deflecting  forces  generate  a  couple  of  gyration  (See  U.  S. 
daily  weather  maps,  Tuesday,  March  27,  and  April  7, 1894,  for 
illustration),  which  develops  somewhere  along  the  axis  of 
encounter  a  cyclonic  whirl,  due  almost  exclusively  to  horizontal 
transportation,  the  vertical  movement  being  a  subordinate 
action  ;  indeed  the  rapid  whirling  is  a  symptom  of  the  lack  of 
vertical  motion,  the  escape  of  the  air  at  the  top  of  the  vertex 
in  the  general  eastward  current  being  a  source  of  loss  of  gyra- 
tory energy;  rainfall  accompanies  a  low  area  on  the  side 
chiefly  of  greatest  cold,  or  where  the  oceanic  supply  can  first 
meet  with  colder  air,  and  is  not  a  cause  of  it;  tornadoes, 
thunder  storms,  the  thin  band  of  rain  and  other  phenomena, 
are  secondaries  to  the  counter  flow  from  the  two  nigh  sheets, 
are  located  along  the  axis,  and  derive  their  power  from  the 
force  of  gravity  acting  on  the  primary  denser  high  area  masses. 
The  synchronism  of  the  magnetic  curve  is  evidently,  from  day 
to  day,  the  eflicient  governor  in  the  succession,  this  clianging 
-in  type  with  the  inversion  of  the  system.  The  difference 
between  the  North  American  and  the  Siberian  systems  is  a 
-marked  increase  in  the  number  of  cyclones  in  North  America, 
which  cannot  be  accounted  for  by  geographical  conditions. 
The  presence  of  the  magnetic  polar  system  on  the  American 
continents  is,  however,  a  sufficient  source  of  differentiation. 
•The  peculiar  system  of  feeders  in  the  United  States  is  due  to 
the  existence  of  long  troughs  between  successive  High  areas, 
along  the  axis  of  which  the  cyclones  move  eastward  and  north- 
ward ;  while  the  Siberian  High  area,  thrown  up  by  the  general 
circulation,  is  not  broken  into  smaller  masses  oy  the  magnetic 
variable  intensities.  The  interplay  about  the  "  origin  "  is  that 
of  the  discharge  of  the  polar  High  belt  across  the  Low  belt, 
the  tendency  of  the  Paciiic  High  to  join  the  Polar  High,  the 
drift  of  the  High  areas  east,  partly  along  the  Low  belt,  and 
partly  into  the  southern  High,  and  also  between  them  as  if  in 
doubt  which  system  to  join.  The  interplay  of  these  several 
systems  adds  to  the  complexity  of  the  weather  of  the  United 
States,  and  renders  the  art  of  forecasting  very  difficult  to 
acquire. 

Much  light  is,  however,  thrown  upon  these  problems,  by  the 
possession  of  the  true  solar  period  of  rotation,  the  form  of  the 
intensity  curve,  and  the  fact  of  its  sudden  reversal  at  certain 
times.  This  has  occurred  recently,  on  Dec.  3,  1893,  Jan.  21, 
1894.  Attending  these  reversals  are  stagnations  of  movement, 
the  transition  from  the  polar  to  the  midlatitude  circulation,  the 
passage  from  one  hemisphere  of  the  sun  to   the  other,   and 


The  next  rtep  in  the  progress  of  thia  inveetigation  is  to 
determine  the  physical  function  for  the  tranfiformatioD  of  the 
enei^y  of  the  solar  magnetic  fields,  the  electroms^etic  and 
the  mBgnetic.  into  the  ecjnivalent  heat-energy  that  exhibits 
itself  in  temperature  changes.  There  are  many  difficulties  in 
tlic  way  of  this  step,  but  it  is  hoped  that  they  can  be  overcome 
before  long. 

Formation  of  Anlici/clonic  and  Cyclonic  Ctrctilations. 

One  of  the  most  remarkable  facts  regarding  the  develop- 
ment of  the  theories  of  the  origin  of  the  AnticjcIoDes  and 
Cyclones  of  Middle  LatitudL-e,  is  the  excegsive  weight  ascribed 
to  the  cyclones.  This  is  perhaps  due  to  a  popular  interest  in 
the  system  of  winds  accompanying  Low  Areas  of  Pressure, 
and  to  a  supposed  resemblance  between  these  and  the  general 
circalatioo  of  the  air.  Vertical  convection  currents  are  said  to 
be  the  primary  source  of  the  movement,  and  some  have  seen  in 
the  High  Areas  only  the  perioyclooic  overflow  ring,  as  if  these 
were  secondaries  to  the  Lows. 

The  real  order  of  events  in  nature  may,  however,  be  sum- 
niariited  as  follows  :  The  Etiuatorial  Field  generates  a  tropical 
High  piessnre,  and  a  snb-polar  Low  pressure  belt,  by  it«  die- 
trinntion  of  temperature.  The  continents  rearrange  these  belts 
BO  that  in  winter  the  small  polar  eircnit  snrronnding  the  Ice- 
landic perrnaiient  L'tw,  supersedes  and  prLMloniinatcs,  wliile  i[i 
BiiiiiTiifr  tlic  grant  iiiid-liititudii  t-iiriiit  regains  its  stipreiiiacy. 
Therefore  in  winter  the  circnlation  of  the  polar  circuit  is  more 
rapid,  being  smaller  in  diameter,  the  supply  comes  across  the 
North  American  Polar  regions,  and  hut  little  from  the  Pacific; 
in  the  summer  the  slower  eastward  mai-cli  in  the  wider  circuit 
sets  in,  with  tlie  supply  from  the  Pacific.  In  both  cases  the 
movement  of  air  masses  is  dominated  by  the  varying  intensi- 
ties of  the  polar  magnetic  field  from  the  sun,  by  which  the 
densities  of  the  contents  of  the  unit  volume  is  changed.  High 
Pressure  areas  are  the  primary  products  of  these  sources  of 
energy,  being  in  part  whirled  up  by  the  general  circulation, 
and  in  part  the  result,  of  reducing  the  polar  absorption  by  dimi- 
nution of  the  cosmical  energy  oh  certain  dates.  Between  two 
successive  areas  of  greater  density  lies  an  area  of  smaller 
density,  where  absorption  of  magnetic  radiation  has  been  more 
vigomns.  Under  the  force  of  gravity  tlio  adjacent  sides  of 
tlic  denser  areas  are  drawn  together,  and  meet  abruptly  alonj; 
the  axis  of  the  low  section,  in  the  so-called  '■  trough."  The 
cliaractcristics  ai-c  that  southern  warmer  air  reinforces  the  high 
pressure  oulliow.  and  transjiorts  its  charge  of  aqueous  vap(ir  m 
the  current;  this  meets  the  colder  sliett  from  the  north,  in  a 
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Geophysik,  III,  1892,  with  extension  to  latest  observations. 
These  nambers  are  variations  on  the  mean  san  spot  nnmber 
40,  maltiplied  by  the  factor  ^.     The  accompanying  diagram^ 
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plotted  on  the  scale  0'5°*°*  =  unit,  gives  the  comparison  of  the 
changes  in  the  American  Meteorological  System,  the  European 
Magnetic  Field,  and  the  visible  surface  of  the  Sun.  The  con- 
clusion seems  unavoidable  that  we  are  here  dealing  with  dif- 
ferent portions  of  a  great  cosmical  system,  emanating  from  the 
sun  and  influencing  the  entire  northern  hemisphere  of  the^ 
earth,  by  means  of  the  polar  magnetic  field.  Similar  compu- 
tations for  the  changes  in  the  meteorological  system,  its  move- 
ment in  latitude  and  longitude,  and  its  mean  and  amplitude 
temperatures,  have  been  executed  for  the  annual,  and  the  26*68 
day  periods,  with  results  in  agreement  with  this  important 
thesis. 


i 
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it  the  fonr  mean  tracks,  North  Low  and  High,  South  Low 
i  Hif^lif  occupy  from  year  to  year.     The  >ortb  High  and 
e  South  Ixiw  inovfl  in  oppoHite  directions  to  the  North  Low 
id  South  nigh,   tite   latter  moving  north  witli  increasing 
itenfiity  of  the   magnetic  system.     The  anits  are  3  miles  in 
itltnde,  and   the  range  in  the  »nn  e[)Ot  period  is  about  120 
>lilei.     "Movement  in  I.<ongitndc"  indicates  the  variation  an 
he  mean  tsaetward  drift  of  the  meteorological  cxiiidilions,  taken 
rear  by  year,  and  the  niiml>er8  are  here  given  with  the  eigne 
inverted.     Thit*  aiiows  that  the  increase  in  eastward  movement 
in  for  the  years  of  decrease  in  the  magnetic  intensity.     The 
phyeical  interpretation  of  thc<«e  inversions  U  at  hand,  bnt  can- 
Dot  be  explained  in  this  abstract.     The  unit  is  1-3T  miles,  and 
the  change  in  movement  ranges  about  oO  miles  per  day ;  that 
is  in  yeara  when  the  magnetic  intensity  of  the  sun  increases, 
tile  normal  tracks  move  northward,  ana  the  eastward  circola- 
tion  nlows  down. 

"Temperature  Amplitudes"  relates  to  the  changes  in  tcm- 
peratnre  in  the  26-68  day  periods  from  year  to  year.  By  eum- 
ming  tlie  reeiduaii,  already  explained,  without  regard  to  signs, 
the  amplitudes  are  obtained,  and  the  sum  of  these  for  each 
vear  is  enlered  in  the  table.  Tliey  are  only  relative  numbers 
Diit  sliow  the  annual  changes.  The  "mean  annual  tempera- 
tunis"  On)  doriTcd  from  SO  Weather  Bureau  Stations,  the 
annual  tempemtures  being  tabulated,  summed  aud  the  residuals 
entercii,  those  hein^  the  surviving  residuals  for  each  year. 
They  aru  lioWLM'tT  entered  with  the  opposite  signs,  and  express 
the  fact  that  llie  years  of  an  increase  of  eotar  magnetic  inten- 
sity are  those  of  colder  temperature  in  the  United  States,  the 
explanation  of  the  phenomenon  being  in  hnnnony  with  the 
theory  of  anticyclonic  and  cyclonic  circulations  which  I  have 
briefly  descrihed  in  an  earlier  paper.  (Astron,  and  Astro- 
Phys.,  Jan.,  lSit4). 

All  of  these  sets  of  numbers  may  he  treated  as  merely  rela- 
tive values  of  one  fundamental  impulse,  namely  the  solar  mag- 
netic field,  and  hence  can  be  reduced  to  the  same  amplitude, 
the  mean  of  the  last  i-elative  nninbcrs  being  a  closer  representa- 
tion of  the  averiige  system  than  either  of  these  sets  alone.  It 
should  be  noted  that  on  plotting  in  a  dia<*ram,  the  four  sets 
clearly  agree  among  each  other  in  producing  the  same  curve, 
even  to  minute  details,  the  vearw  1SS;1.  1SS4,  near  the  crest 
alone  showing  some  uneurtainty  in  the  curves. 

"  MiigiK'tii^  Intensity"  gives  the  annual  variations  of  the 
European  magnetic  tield,  ac  derived  for  five  or  more  stations, 
the  (i;ita  referring  to  the  horinonta!  component,  it  =  0-0(Kt(tS4 
0.  <i.  S.,  and  the  unit  beinir  the  sixth  decimal.  The  sun  spot 
nuuihers  are  taken   from   the  Jahrbuch  der  Astronomie  und 


these  are  added  the  Colurado-Snperior,  the  Texae-Micbigan. 
the  Florida-Nova  Scotia,  and  tlie  Mexidao  branches.  On  the 
game  map  are  placed  tlie  average  position  of  the  wave  fponte 
from  the  origin,  iu  the  annual  mean  eastward  march.  The 
North  High  and  tlie  South  Low  tracks  are  in  reality  abnormal 
oatgrowths  of  the  atmoepherie  circulation. 


The  question  is,  do  these  tracks  in  gene.-^l  move  in  latitude 
during  tlic  snn  epot  period  "i  The  result  is  that  the  North  Low 
and  the  South  High  belts  vary  in  latitude  directly  with  the 
solar  intensity,  being  further  north  at  the  maximum,  and 
further  south  at  the  minimum  of  the  period  ;  while  the  North 
High  and  the  South  Low  bolts  vary  inversely,  that  is  are 
further  south  during  the  maximum  of  sun  epots.  Thie  means 
that  an  increase  of  solar  magnetic  intensity  generates  the 
cyclones  further  south,  and  causes  the  anticyclones  from  the 
polar  circulation  to  travel  to  the  south.  Precisely  the  same 
remarks  hold  true  in  the  annua!  period. 

The  Table  of  Relative  Variations  in  the  Meteorological  and 
Magnetic  Systems  gives  the  final  rosnits  of  an  extensive  com- 
putation, many  details  of  which  will  here  be  omitted.  "  Move- 
ment in  Latitude"  refei-s  to  the  average  geographical  latitude 
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lon^  and  varies  from  900  to  1400  feet  in  width  (see  fig.  1  and 
sections).  After  the  river  issaes  from  the  gorge  its  width  is 
about  a  half  a  mile,  and  the  depth  reaches  to  96  feet,  or  94 
feet  below  the  surface  of  Lake  Ontario.     In  the  caflon,  three 

Snarters  of  a  mile  below  the  site  of  the  falls,  the  river  has  a 
epth  of  189  feet,  at  a  point  where  the  surface  is  about  105 
feet  above  the  lower  lake.  That  the  upper  part  of  the  walls  of 
the  cafion  are  vertical  should  be  emphasized. 

3.   Geology  of  the  District, 

The  geology  of  the  district  is  too  well  known  to  need 
description,  but  the  measurements  had  not  been  made  which 
could  be  used  in  determining  the  varying  character  of  the 
work  performed  by  the  river ;  accordingly  1  made  the  follow- 
ing sections  and  those  illustrated  in  figures  3,  6,  7,  8,  9,  10,  11. 
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The  plain  between  the  escarpment  and  Lake  Ontario  is 
underlaid  by  a  great  thickness  of  Medina  shales  thinly  cov- 
ered with  drift  and  lacustrine  deposits.  The  flat  country, 
between  the  head  of  the  rapids  above  the  falls  and  the  De- 
vonian escarpment  near  Lake  Erie  is  underlaid  by  shaly  rocks 
of  Onondaga  age.  The  southward  dip  of  the  strata  from  the 
end  of  the  gorge  to  the  Devil's  hole  (9,700  feet  distant,  at  the 
mouth   of  Bloody  run)  is  40  feet;    thence  to  the  whirlpool 

*  Drift  on  west  side,  rocks  on  cast  side  of  gorge. 

f  The  upper  figures  relate  to  rocks  in  river  terrace ;  ihe  lower  in  walls  of  gorge. 

X  Both  the  Medina  sandstone  and  shales  vary  in  thickness. 


(8,500  feet)  26  feet ;  and  from  tliere  to  tlio  falls  (15,000  feet  is 
direct  line)  only  10  feet,  or  almost  horizontal. 
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4,  Ancient  Topography  and  Batement. 
In  tlie  DumerouB  writings  npon  the  Niacara  river  one 
cient  topographic  feature  baB  been  overlooked  and  another 
Iterated  into  importance  wliich  it  does  not  possess.  The 
cient  draina^  of  the  Erie  basin  was  not  bj  waj  of  the 
agara  bnt  by  a  channel  forty  miles  to  the  west.*  Even  at 
3  end  of  the  Lake  Erie  the  borings  show  old  channels 
eper  than  the  floor  of  the  river  across  the  Devonian  escarp- 
iDts.f  Tlie  feature  overlooked  is  the  Tonawanda  valley,  a 
le  and  a  half  in  width,  extending  from  the  rapids  above  the 
Is  to  the  Johnson  ridge.  Its  basement  is  80  or  90  feet 
low  the  northern  barrier  of  Johnson's  ridge.  The  rocky  enb- 
rface  of  Goat  Island  was  part  of  the  ancient  floor  (see  fig.  IIY 
lie  depression  is  part  of  the  ancient  Tonawanda  basin,  whien 
now  hied  with  drift  (see  fig,  8).  The  gorge  through  John- 
q's  ridge  is  modern  with  vertical  walls,  hat  half  a  mile  to 
e  west  it  falls  away  and  the  wells  reveal  the  continuation  of 
a  Tonawanda  depression  extending  northward.  It  is  again 
»de  known  by  a  well  half  a  mile  west  of  the  whirlpool 
,  fig.  3),  in  the  line  of  the  extension  of  the  St.  David's  val- 
^  This  forms  an  erabayment  one  and  a  half  miles  wide  and 
ly  three-quarters  of  a  mile  deep  in  the  face  of  the  Niagara 
larpment.  The  modern  river  is  simply  crossing  a  portion  of 
e  old  Tonawanda  basin  in  the  vicinity  of  the  iaWa,  and  con- 

Jaentiy  it  has  here  much  less  rock  to  excavate  than  through 
I  nortn  of  Johnson's  ridge. 

The  other  feature  is  the  imaginary  whirlpool — St.  David's 
lley,    supposed   to   have  been  the  old  course  of  the  river. 


FlO.  2. — Uap  of  the  whirlpool  ravioe;  bb,  positiOD  ol  BMtiOD  (flg.  3). 


hove  and  below  the  whirlpool  alike,  the  gorge  is  of  recent 
ite  as  may  be  seen  by  the  vertical  walls  shown  in  the  several 
ctioDB.     The  whirlpool  ravine  has  sloping  V-shaped  bound- 

* "  OriRin  of  the  BasioB  of  the  Groat  IJikeB,"  Q.  J.  G.  S.  Lond..  vol.  ilvi,  p. 
1,  IS90,  and  "  JKolaa  on  the  Origin  aod  HiBlor;  of  th«  Great  Lakes."  Proc.  A. 
A.  S..  vol.  iivii,  ISSa. 
I  "The  Ute  Blatory  of  Niagara,"   b;  Julius  Pohlmao,  Traos.  Am.  Ingt.  Mia. 
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ariee  in  ibt  liif^tior  portion,  whioli  Ih  an  antiquQ  Btnictnre.  Tlic 
depressiou  is  so  obstructed  witli  drift,  tliiit  gives  rise  to  landslides 
that  tho  old  toiWRrapliy  is  much  obscured.  Yet  a  little  stream 
hae  removed  the  fallen  earth  and  exposed  a  natural  section  of 
Clinton  limestones,  wliicli  cross  the  vallev  at  an  elevatioD  of 
115  feet  above  the  sorfaee  of  the  whirlpool,  or  160  feet  aboTe 
Lake  Ontario,  with  Nia^ra  shales  showing  for  at  least  20  feet 
higher.  Tlins  the  rocky  burner  across  tne  ravine  is  not  less 
than  240  feet  above  the  bottom  of  the  caflon  in  the  whirlpool. 
This  barrier  in  the  ravine  is  illustrated  in  fig.  3,  whicti  Bhonld 
be  compai'ed  with  tignres9  and  10,  in  order  to  appreciate  tba 
ineignihcancc  of  the  whirlpool  ravine." 


Pia.  .1.— ^ectloD  serosa  the  nbirlpool  rsTins,  located  aC  M,  Ag.  ! ;  W.  ««ll; 


The  form  of  the  wbirl|HH)I  cauldron  requires  explunation. 
At  Mr.  Shepherd's  liouee,  a  short  distance  west  of  tlie  whirl- 
pool, there  is  a  well  90  feet  deoi)  without  reachiug  rock  (w,  fig- 
3)  aud  this  shows  the  abeenoe  of  Niagara  limeatoDeB  to  a  depth  w 

more  than  50  feet  below  the  surface  rocks  of  the  western  wall  of 
ti](?  wiiirlpiKil.  At  tli:it  point  the  liinestuni-s  ri,*e40  feet  liijjheruti 
the  eastern  side  of  tbo  river  than  on  tlie  western,  but  the  depres- 
sion was  leveled  up  with  drift.  Thus  it  appears  that  at  tliis 
point  the  Niagara  river  took  possession  of  tlie  eastern  side  of  s 
drift-tilled  valley  (Tonawanda — St,  David's),  aud  the  whirl;)Ool 
ravine  was  a  little  tributary  to  it.  When  tho  falls  had  receded 
to  the  whirlpool  and  penetrated  the  rocky  harrier,  the  curreDts 
were  able  to  remove  the  filling  of  the  buried  ravine,  and  tliis 
gave  rise  to  tlie  form  -if  tlie  cauldron,  which  deepeued  its 
basin  to  lower  levels  by  the  currents  of  the  river  acting  upon 
the  underlying  soft  shales,  with  the  landslides  obscnring  the 
older  features.  It  is  evident  that  there  was  no  preglacial 
Niagara  river. 

The  Niagara  nver  crossed  the  broad  shallow  depression  of 
the  Tonawanda  drainage,  at  the  fails  and  that  adjiicent  to  tlie 
whirlpool  on  a  basement  of  drift,  but  elsewhere  generally  on 
hard  limestones.  Out  of  both  of  these  materials,  terraces  were 
carved  thus  marking  the  old  river  level,  before  it  sunk  within 
the  chasm. 

ce,  Sept.,    1886.  it  is  notri 

itiiout  Riving  nay  details  ix 

r.  Jnme-  Hall  informed  ot 

rcnce  of  Ihc  rods, 

jntly  repeated  b/« 
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6.  Disc/iarf/e  of  the  Niagara  River. 

The  corps  of  Engineers  U.  S.  A.,  made  the  measurements 
the  outflow  of  the  Great  Lukes  between  June  27th  and 
pt.  17th,  1868  *  That  of  Lj^ke  Huron  was  216,436  cubic 
it  per  second ;  and  of  Lake  Erie  for  the  iirst  part  of  the 
son,  304,307  cubic  feet,  and  258,586  feet  for  the  second  part. 
[>m  these  figures,  I  have  taken  the  tnaxiinutn  proportional  dis- 
irge  (as  the  volume  is  variable)  of  Lake  Erie,  which  is  found 
gather  -j^  of  the  total  drainage  of  the  Niagara  River  but 
i  mean  discharge  is  le^s  than  ^.  This  is  an  important 
tor  in  tlie  following  computations. 

6.  Modern  Mecesaion  of  the  Falls, 

The  four  surveys  illustrated  in  figure  4,  show  the  modern 
«ssion  of  the  horseshoe  cataract.  During  48  years,  275,400 
lare  feet  fell  away.  The  mean  width  of  the  adjacent  por- 
es of  the  gorge  (as  opposite  Goat  Island)  is  1,350  feet.  Thus 
>  mean  recession  would  be  4'175  feet  a  year.  The  American 
Is  have  undermined  32,900  square  feet  of  rock  which  gives 
tiean  rate  of  0'64  foot  a  year.  But  the  rate  is  not  uniform. 
1819,  the  crest  of  the  Canadian  fall  was  very  acute,  it  had 
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lome  quite  obtuse  in  1842,  acute  in  1886,  but  it  was  broaden- 
'  out  again  in  1890 ;  thus  there  arc  cycles  of  slow  and  rapid 
reat. 

•  Report  of  Chief  of  Engineers  for  1 869,  p.  582. 


The  measured  recesaioii  has  probably  obtained,  emcc  the 
cataract  cut  its  wav  through  Johnson's  ridge,  for  beneath  the 
Toiiawanda  l>aein  tiie  limestones  have  a  thickness  of  only  45-55 
feet  HB  the  upper  90  feet  had  been  removed  in  prc-Pleietoccne 
times.  The  capping;  limeetone  in  Johnson's  ridge  was  140  feet 
thick.  To  the  north  the  thickness  was  reduced.  AloDg  those 
portions  of  the  chusui  where  the  limestone  is  heavivr  and  the 
gorge  narrower  than  in  the  pre-glacial  depression,  the  stronger 
arches  must  have  arrested  the  maximum  rate  of  retreat,  and 
oil  this  account,  I  have  reduced  the  measured  mean  rateot 
recession  by  an  estimated  amount  of  ten  per  cent,  or  to  3'75 
feet  a  year  for  the  recession  of  the  falls  from  the  end  of  the 
cailon  to  Johnson's  ridge,  under  conditions  of  the  modern  dis- 
charge and  descent.  The  mean  descent  of  the  river  was  from 
the  plain  now  at  340  feet  above  Lake  Ontario ;  but  whilst 
passing  the  rapids  of  Johnson's  ridge,  25  feet  must  bo  added 
to  the  declivity  of  the  river.  After  the  basin  behind  the 
ridge  was  reached,  the  water  plain  was  reduced  to  about  3S* 
feet  including  50  feet  of  descent  above  the  falls  in  the  foim 
of  rapids.  The  surface  of  the  conntry  has  been  deformed 
since  the  commencement  of  the  cataract  by  a  northward  ter- 
reatrial  uplift  to  the  extent  of  13  or  15  feet  divided  throngh- 
oat  the  length  of  the  gorge  where,  aa  seen  in  the  caflon,  ^e  , 
character  of  the  different  strata  is  remarkably  oniform  oxaept  i 
in  the  described  depressions,  across  Johnson's  ridge,  and  at  the 
end  of  tin;  chiisni  where  the  capping  liroestoiifs  were  much 
thinner  bat  partly  compensated  for  by  the  greater  prominence 
of  the  hard  Clinton  and  Medina  layers. 

The  following  computations  are  based  upon  the  mean  rate 
of  recession  modified  by  the  variations  in  the  descent  of  the 
waters  and  their  changing  volumes,  which  have  been  dis- 
covered in  the  geological  investigations  of  the  Gi-eat  Lakes. 

7.  Ske/cA  of  t/ie  Lake  History  and  the  Nativity  of  the  FaUt. 

This  outline  is  taken  from  the  chapters  on  the  Lake  History 
noted  at  the  foot  of  the  page.*  At  the  commencement  of  the 
Lacustrine  epoch,  Warren  water  covered  most  of  the  lake 
region,  and  Forest  Beach  was  its  last  strand.  Afterwards  the 
waters  sank  150  feet,  thereby  dismembering  Warren  water  into 
Algonquin  Lake  (confining  it  to  the  basins  of  Superior,  Michi- 

*  "  The  Iroquois  Beucli.  a  chapter  in  the  HUtorr  of  Lnko  Ontario,"  Trans,  Rd]'' 
Soc  Cau.  !HSy,  p.  132.  '■  DeformntioD  of  the  Imquois  Beach  nod  Birth  of  141b 
Onlario."  lhli<  Jour.,  vol.  \\.  p.  in.  IS90.  ■'  DeioruiotioB  of  Algonquin  Bndi 
ami  Uiilli  "f  hrl--  Hi:rnn    'il  .'■  vol.  x!i,  p.  13,  IS91.    ■' nigh  Lerel  lieiiohep  in  tl» 

region  I  jf  ti..   ■  I-,.,-   .■i.j  Hieir  Defiirmalioii."  Id.,  p.  201.     ■' [>etonintion«I 

the  LiiimI'.    .  ■  ■  .iitl,  of  Lake  Krie,"  III,,  vol.  xlvii,  p.  207,  1»94,    iU 

by.I,  W.  ~;  I       i!    lurv  of  Siagara  River."  by  G,  K  Gilbert,  3ii.R«(i. 
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gan  and  Huron)  with  an  outlet  by  way  of  the  Ottawa  valley, 
and  Lundy  Lake  (occupying  the  Erie  basin  and)  extending 
into  the  Ontario  valley.  These  two  bodies  of  water  appear  to 
have  had  a  common  level  as  if  connected  in  some  way  across 
the  Ontario  basin,  but  their  northeastern  extensions  are  not 
known  and  involve  unsettled  questions  that  do  not  effect  the 
history  of  Niagara.  Again  the  waters  were  lowered  so  that 
the  Niagara  Kiver  emptied  the  overflow  of  the  Erie  basin, 
without  a  fall  into  the  Ontario  valley.  This  condition  did  not 
last  long,  for  the  waters  sank  to  a  level  (Iroquois  Beach)  of 
300  feet  below  the  Lundy  (and  also  Algonquin)  plain  and  the 
falls  commenced  their  descent  with  the  waters  of  the  Erie 
basin   alone.      The    subsidence   was    accompanied   by  slight 

Eanses,  but  waters  remained  for  a  long  time  at  the  level  of  the 
roquois  beach,  which  is  now  about  135  feet  above  Lake 
Ontario  at  the  end  of  the  gorge.  Again  the  waters  subsided 
to  the  level  about  80  feet  beneath  the  present  level  of  the 
bead  of  Lake  Ontario  and  thereby  lengthened  the  river  to  12 
miles  beyond  the  end  of  the  chasm.  At  this  time  the  descent 
Df  the  river  after  passing  the  rapids  at  Johnson's  ridge  was  420 
feet.  By  the  continued  northeastern  terrestrial  elevation  the 
waters  of  the  Huron  basin  were  turned  from  the  Ottawa 
drainage  into  the  Erie  basin,  whose  northeastern  rim  was  ele- 
v^ated  so  as  to  flood  the  lake.  Later,  the  waters  at  the  head  of 
Lake  Ontario  were  raised  80  feet  to  the  present  level.  This 
differential  movement  was  at  zero  at  the  head  of  Lake  Erie ; 
2'5  feet  per  mile  in  the  Niagara  district ;  4  feet  northeast  of 
Lake  Huron,  and  5  feet  per  mile  at  the  outlet  of  Lake  Ontario. 
At  the  nativity  of  the  Niagara  River,  there  was  no  fall. 
A.  little  later  in  the  Iroquois  episode  the  falls  were  very  much 
like  the  modern  American  cataract  both  in  height  and  volume, 
but  afterwards  it  increased  in  niugnitudc  and  went  through 
the  changes  noted  later. 

8.  Latoa  of  Erosion, 

When  erosion  is  considered  from  a  theoretical  point  of  view 
ind  the  whole  energy  of  the  water  is  supposed  to  be  expressed 
in  the  erosion,   it  varies  as  the   muss  of  the   water  into  the 

Snare  of  the  velocity  {icv"^).  Hence  for  a  given  river  increase 
the  amount  of  its  water  or  increase  of  the  velocity  along 
ts  course  should  be  expressed  by  greater  erosion.  But  erosion 
is  not  the  only  expression  of  the  theoretical  value  of  the 
jnergy  of  the  river.  Again  it  is  well  known  that  the  more 
rapid  the  descent  of  the  stream  the  more  the  erosive 
jfrects  are  expended  on  the  floor  of  the  channel,  in  deep- 
3ning  and  forming  TT-shaped  valleys  or  gorges.     On  the  other 


j:^ 


hand,  the  reduction  in  the  slope  canseij  tlie  channel  to  bceoiuv 
broadur — a  principle  which  has  an  important  bearing  iu  tliis 
study.  While  the  observations  are  imperfect  owing  to  tLe 
variable  conditions  of  erosion,  still  the  attempt  to  ascertain  tlie 
duration  of  the  different  episodes  is  the  only  natural  seqnence 
to  the  ineasurements  of  the  modern  recession  of  the  falls,  and 
it  gives  approximate  results,  for  without  cunsidering  the  chaug- 
ing  episodes  the  rate  of  reoession  is  of  no  geological  interest. 
Diit  this  study  may  lead  to  further  detailed  investigatioua. 

8.  Episodes  of  the  River  and  the  Duration  of  each — Affe  qf^ 
Fall». 

Fimt  Episode. — From  the  history  of  the  lakes  and  the  river, 
we  learn  that  the  early  falls  cascaded  from  tlie  brow  of  tiie 
cscurpment  to  the  level  of  the  Iroquois  beach  200  feet  below, 
with  the  Erie  drainage  only  -^^  o(  the  total  discharge  of  tbv 
upiwr  lakes).  There  is  no  indication  that  the  Erie  rainfall 
was  greater  at  that  time  than  now.  The  length  of  the  chasm 
excavated  dnring  the  lii-st  episode  is  found  in  the  data  fu^ 


Plaifonii(F]ofihe 
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ni^ilu'il  \<y  till'  studv  of  Fosters  ll.its.  Their  location  is  sliown 
at  V.  tijjun'  I.  and  the  structures  are  further  illustrated  in 
tiiruros  ,"'  ;iiv,i  (!, 
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The  terrace  (T)  represeDts  the  former  level  of  the  river 
tbont  ItfO  feet  above  Lake  Untario).  It  ib  the  only  featnre 
f  the  kind  in  the  cafioti.  It  is  about  50-60  feet  above  the 
roqaoiB  level  to  which  the  river  descended.  Thns  the  slope 
{  the  earlier  and  smaller  streams  was  about  half  as  great  again 
8  the  modem  river  over  the  rapids  at  this  locality.  The  yonth- 
nl  river  was  broad  and  shallow,  like  and  of  about  the  same 
ns^itode  as  the  modern  American  channel  and  falls,  acting 
veni;  over  the  whole  breadth  and  receding  at  about  the  same 
ate.  The  remnant  of  tlie  plAtform  shows  how  far  the  fall 
lad  receded  l>efore  the  physical  change  which  threw  the  eur- 
ent  to  tlie  eastern  side  of  the  channel.  This  change  conid  be 
ffcoted  by  increasing  the  height  of  the  falls  which  wonld 
avor  the  deepening  of  the  chasm  at  the  expense  of  the  width, 
specially  as  the  lower  rocks  are  mostly  snale.  This  change 
f  breadth  from  a  wide  and  shallow  to  a  narrow  and  deep 
channel  is  shown  along  the  lower  part  of  the  caQon  and  is 
llnstrated  by  the  contracted  channel  at  the  bottom  of  the 
»flon  in  a  section  just  above  the  end  of  the  gorge  (fig.  7). 


jii&aaal,       ^ajB| 


Fio.  T.— SeotioD  hsll  >  mile  [rom  the  eud  of  the  oiifloD  ijig  &g.  I);  M,  terraces 
'( river  at  the  originnl  level ;  L.  O.,  level  of  Lake  Ontario;  bottom  o(  river  about 
10  feet  beluiT  the  surface  ot  Lake  ODtario. 

As  the  changing  conditions  were  gradual,  I  have  placed 
Jie  close  of  the  tiret  episode  at  the  time  when  the  falls  had 
-cached  the  foot  of  the  terrace  (B  tig.  8),  which  is  11,000  feet 
from  the  end  of  the  chasm.  Varying  the  rate  of  recession  for 
;he  different  conditions  of  height  and  volume,  acting  under  a 
rencral  uniformity,  the  time  needed  to  excavate  the  immature 
aSon  as  far  as  Foster's  terrace  is  found  to  be  17,200  years. 

Second  Jipigode. — The  subsiding  of  the  waters  at  the  end 
»f  the  first  episode,  which  concentrated  the  stream  upon  the 
ide  of  the  channel  amounted  to  220  feet,  thus  increasing  the 
lescent  of  the  water  to  420  feet,  with  the  lake  receding  twelve 
ailee,  and  adding  this  length  of  shaly  rocks  to  be  removed. 
!Tie  increased  descent  gave  rise  to  new  cascades  over  the  hard 
Clinton  limestones  (c  and  d,  tig.  8)  and  Medina  sandstones  (A,  iig. 
>)  at  the  eod  of  the  caSon,  after  the  shales  between  it  and  the 
ike  had  been  somewhat  reduced  in  height.  A  modern  repeti- 
ion  of  three  such  cascades  over  the  same  series  of  rocks  may 
)e  seen  along  the  Genesee  Itiver  near  Rochester.  Under  this 
sondition  the  upper  cascade  receded  by  itself  past  Foster's  ter- 
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race,  a  distance  of  3,0CM)  feel 
Tims  closed  the  tiret  bta^ 
of  tlieeecond  opisode.  AfW 
paEein  g  Foeter'e  flats 
cliasm  g)iow8  the  effects  sit 
greatly  increased  force,  for 
the  ^orge  is  again  widened, 
witli  the  terrace  beiwr 
washed  away.  As  no  chungl: 
in  t)ie  total  height  occurred 
about  this  time,  the  inajirtH- 
tiideof  the  erooioD  intticaM 
an  increased  discliarge,wliiei 
was  im>daced  by  the  turning 
of  the  waters  of  the  Huron 
liHBtii  mid  adding  theiu  to 
the  Niagara  drainage.  Tbe 
effects  of  the  greatlv  in- 
creased volume  of  the  water 
were  to  widen  tJie  chiflm 
and  cut  away  part  of  Foe- 


I     II     «     a    ^JT— f 


ter's  platform,  but  leading 
_o.„-.  enough  to  tell  the  hietcii7. 
J-a^Bh'^'g'^    I'liB  Upper   falls   ware  not' 

T3  "^  i' ttj  I   joined  by  the  more  rapidly  tfr 

%-S.  S'j  £.  -=    IrL-atlng  lower  cascades  until 

^  B  ^'a.  g  i  ^    after  tlie  whirlpool  wsa 

°  i  E-gx I  =    passed,  for  the  evidence  of 

5-c  12  loo.   the  upper  water-level  ia  left 

■S -'::«;.,"  g    in  the  deposits  of  river 

In  =^1  °1    gravels   at   an   elevation  of 

190   feet   on    the   northeni 

side  of  the  whirlpool  ravine, 

which  would  not  have  been 

the  case  if  the  river  were  st 

a  tower  level  after  cascading 

over  one  nnited  falls.     Just 

„_     ^_^    above   the  whirlpool,  tlie 

K°xsK    chasm  becomes  narrow,  and 

^1  =  1.    hei-e  I  close  the  second  stage 

=  9-1  g-I    of  tilis  episode  of  three  ca-s- 

=.t|_|    cjuIl-s.     The  length   of  this 

_  "7  ■=  '  i  g    PcetioTi  of  the  gorge  (from 

I  5.|  ^  =  -^  £    C  to  D  lig.  8)  is  7,00'.i  feet 

"fs^w^g^  By  considering  the  propor- 

-2-"a||    tional   nmonnt  of  work  ae- 

g^  *  3.3    complished  daring  the  elon- 

i  |-|  i  I    gation    of    the   cliasni,  tlie 

deepening  of  the  gorge  left 
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it  the  close  of  the  first  episode,  and  its  extension  1 2  miles 
lakeward  (the  mean  depth  of  shales  removed  from  eight  miles 
Bvas  180  feet,  and  froih  four  miles,  60  feet),  and  applying  the 
aw8  of  erosion,  I  have  found  that  the  first  stage  reqaired  6,000 
rears  and  the  second  4,000  years ;  or  the  duration  of  the  second 
episode  was  10,000  years.* 

Third  Episode, — The  narrowest  portion  of  the  gorge  ex- 
iendfl  from  the  whirlpool  for  a  distance  of  4,000  feet  as  is 
ihowD  in  figure  9  and  on  the  map  in  fig.  1.  The  various  sec- 
ions  (figs.  6,  7,  9,  10,  11)  should  be  compared. 


Fio.  9. — Section  across  the  narrows  just  north  of  the  railway  bridges  (dd^  fif^.  1) 
•,  orif^nal  bank  of  the  river :  r,  surface  of  the  river ;  L.  C,  level  of  lake ;  floor 
)f  cafton  80  feet  below  lake  level. 

This  is  the  site  of  the  wliirlpool  rapids.  My  explanation  of 
Us  narrow  chasm,  without  any  increased  thickness  of  the 
imestone  capping  over  the  shaly  bed  is  that  the  whole  force 
>f  the  falls  descending  420  feet  was  concentrated  in  one  cata- 
act  with  a  rapid  of  an  additional  height  of  25  feet  descending 
n  front  of  Johnson's  ridge.  Thus  the  force  engaged  in  under- 
nining  the  limestones  was  exhausted  in  the  recession  of  the 
'allB  by  deepening  the  gorge  in  place  of  broadening  it,  a  pro- 
seBB  more  strongly  brought  out  by  contrast  with  the  sections  of 
he  cailon,  immediately  above  (fig.  10)  and  below  (fig.  6)  which 
kre  half  as  wide  again.  Such  result  is  in  accordance  with  the 
ommon  observations  that  increased  declivity  causes  the  chan- 
lels  to  be  deepened,  and  decreased  slope  accelerates  the  widen- 
ng  of  the  channel  as  is  shown  in  the  section  near  che  end  of 
he  gorge  (fig.  7).  The  computation  of  the  time  of  the  retreat 
>f  the  mis  across  this  section  is  a  simple  problem,  as  the  fall  of 
vater  amounted  to  420  feet  in  place  of  320  of  the  present  day, 
nd  the  volume  was  the  same.  Under  these  conditions  the 
luration  of  this  episode  was  800  years. 

Fourth  Episode. — This  is  characterized  by  the  rising  of  the 
raters  in  the  Ontario  basin  so  as  to  bring  the  lake  to  the  pres- 

*  One  method  conflidera  only  the  recession  of  the  upper  one  of  the  retreating 
ills  (descending  150)  feet  during  the  two  stages  of  this  episode.  Owing  to  the 
revalence  of  limestones  in  the  upper  section,  the  computation  would  appear  to 
8  an  under  estimate.  Another  process  is  based  upon  the  excavation  of  the  new 
oitions  of  the  chasm  to  the  full  depth  of  4*20  feet,  and  adding  to  the  components 
le  time  required  to  deepen  the  gorge  of  the  first  episode  and  extend  the  i^afion 
>  the  lake — the  amount  of  work  being  considered  in  terms  compared  with  the 
lU  depth  of  excavation  in  the  chasm. 
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ent  level,  320  feet  below  tlie  rapids  nbove  the  falls.  The 
mcncement  of  tlie  work  of  thia  epoch  was  taken  where  tba 
caSon  Buddenly  became  brnad  at  the  head  of  the  whirlpool 
rapids,  a  pheoomeiia  explained  by  the  force  of  the  river  being 
vBrtieally  dimioislied  and  latterly  increased — the  converse  to 
the  conditions  of  thuEO  of  the  third  epieode.    At  first  the  roob 


Fio,  10. — Section  across  the  gorgB  nl  JohniWD'a  ridffe  («,  6g.  I'l:  L.  0,  lenlof 
Lake  Ontario^  r,  eurCaix  of  ritor;  b,  original  bank  ol  rirer;  bottom  of  rtverU 
fvet  belov  surface  of  tlie  lake. 

in  Johnson's  ridge  offered  great  resistance  on  account  of  the 
increased  thicknese  of  limestones,  nevertheless  the  lateral  er* 
aion  gained  the  ascendancy  over  the  vertical.  The  ecctioB 
through  Johnson's  ridge  is  5,500  foet  long,  and  with  the  Um 
of  eroBion  the  time  neceasary  for  the  falls  to  retreat  through  it 
would  be  about  1.500  years — thus  would  end  the  first  stage  of 
the  last  episode.  The  last  stage  is  the  modern,  or  that  6inee 
the  cataract  reached  the  Tonawanda  basin  Boath  of  Johntoa't 


*"  PiQ  II.— Section  ncrOESS  gorge  l.OHO  feel  north  of  llie  Horsealioe  fflil9{cc,flf.l 
L,  Lundy  bexcli  (o  the  wcat ;  I,  terrace  with  sasdy  face ;  ra,  fiirface  of  rirei  it 
crv&t  of  falls ;  rs,  ditto  below  laUt:  Ar,  ditto  of  ^mericaii  falls ;  L.  0.,  letel  of 
l^ke  Oiitiirio.     Botlom  Su  feel  beton*  lake  eurlsce. 

ridge,  whose  rocky  floor,  generally  speaking,  is  abont  80-90 
feet  lower  than  that  ou  the  ridge  (see  fig.  8) ;  yet  the  cafion 
just  north  of  the  ridge  is  only  S.^ii  feet  wider  than  throagh 
that  harrier.  The  drift  filling  the  basin  offered  but  little 
resistance  to  the  recession  of  the  falls  and  accordingly  the  rate 
of  retreat  has  been  comparatively  rapid  along  this  section  of 
the  river,  which  is  U.OUO  feet  long.  Consequently  its  age  is 
about  1,500  years.  Thus  the  duration  of  the  fourth  epoch  li»s 
been  3,000  years. 

Aife  of  Falls. — Allowing  1.000  years'for  the  duration  of  llie 
river  before  the  advent  of  the  falls, — for  that  its  commence- 
ment was  not  characterized  by  a  cascade  is  shovrn  by  thete^ 
races  on  the  edge  of  the  escarpment  and  at  the  deserted  mootli 
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the  infant  river, — and  adding  the  duration  of  the  four  epi- 
ies,  which  have  been  calculated  at  31,000  years,  the  age  of 
iagara  Kiver  would  be  82,000  years  ;  and  the  date  that  the 
aron  drainage  turned  from  the  Ottawa  valley  to  the  Nia^ra 
18  7,800  years  ago.  In  order  to  reduce  the  errors  in  reading 
e  means  of  erosive  effects,  the  component  stages  have  been 
sen  to  as  great  a  degree  of  accuracy  as  practicable.  In  the 
anges  of  level,  the  error  would  suggest  itself  to  me  as  on 
e  side  of  shortening  the  time  ;  and  there  is  no  evidence  that 
much  greater  rate  of  recession  than  now  has  occurred  other 
an  that  already  made  use  of;  also  I  have  used  the  maximum 
3charge  of  Lake  Erie.  Consequently  I  am  led  to  conclude 
at  the  present  study  has  set  forth  the  history  and  has  com- 
nsated  for  possible  over-estimates  in  degrees  of  hardness, 
d  fairly  represented  the  age  of  the  falls,  which  is  very  near 
at  of  Lyell's  conjecture.  There  is  considerable  cumulative 
idence  adduced  from  the  history  of  the  lakes  to  strengthen 
nfidence  in  the  methods  pursued  in  this  investigation.  Let 
see. 

9.   Conjlrmation  of  the  Age  of  the  Falle  by  the  Phenomena 

of  Terrestrial  Movements. 

In  the  deformatory  elevation  of  the  Niagara  district,  the 
hnson  ridge  was  raised  24  feet  above  the  Chicago  divide, 
tween  the  Michigan  and  Mississippi  waters,  and  did  cause  a 
e  of  the  waters  in  the  lakes  to  the  point  of  overflowing,  but 
B  ridge  was  incised  by  the  retreating  falls  in  time  to  prevent 
B  change  of  the  lake  drainage.  .  Sy  the  simplest  case  of 
vision  we  have  seen  that  Johnson's  ridge  was  completely  cut 
rough  only  about  1,500  years  ago.  Allowing  two  or  three 
3t  of  water  to  have  been  on  the  Chicago  divide  (covered 
th  silt)  and  as  much  more  for  error,  we  find  that  the  differ- 
tial  elevation  of  the  Niagara  district  becomes  a  local  abso- 
\e  uplift  of  about  1-25  feet  a  century.  The  equivalent  rate 
elevation  northeast  of  Lake  Huron  is  2  feet  and  at  the  out- 
of  Lake  Ontario  2*5  feet  a  century.  This  average  is  that 
episodes  of  activity  and  repose  during  1.500  years.  Apply- 
r  the  time  ratio  to  the  amounts  of  deformation  we  snail 
tain  the  results  given  below  in  a  form  for  comparison. 
The  rise  of  the  Algonquin  beach  of  the  Huron  basin,  be- 
een  the  present  outlet  of  the  lake  and  the  former  outlet  at 
ke  Nipissing,  amounts  to  660  feet,*  about  560t  of  which 

Klevation  south  of  and  adjacent  to  Lake  NipissiDg  determined  by  Mr.  F.  B. 
lor. 

The  waters  of  both  Lundj  and  Algonquin  lakes  were  lowered  about  1 00  feet 
ore  the  beginning  of  the  Niagara  river ;  this  being  apparent  and  local,  pro- 
»d  by  a  pre-Iroquois  uplift  of  about  half  a  foot  per  mile,  thus  raising  the 
theaatem  extensions  of  the  beaches. 
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have  been  raised  np  since  the  birth  of  Niagara  Falls.  Of  this 
latter  amoimt  about  130  fi;eC  Iiave  been  lifted  since  the  waters 
were  tnrned  into  tlie  Niagara  drainage.  Again  we  get  some 
proportions. 

Tbe  ratios  of  the  deformation  of  the  Ltindy  and  Iroqnoi* 
beaclies  are  abont  the  same,  and  we  have  tbe  Landy  beach  dif- 
ferentially raised  160  feet  in  the  Ntngara  district,  and  the 
Iroquois  beach  deformed  to  370  feet  near  the  outlet  of  Lake 
Ontario  (compared  with  the  level  at  tbe  head  of  tlie  lake) 
since  the  close  of  the  Iroqoois  episode.  And  here  there  are 
data  for  comparison.  Theeo  figures  have  been  mostly  takes 
from  the  papers  already  cited.  Compiling  the  results  derived 
from  all  tnese  data,  it  appears  that: 

A,  The  time  which  has  elapsed  since  the  Iroquois  episode, 

or  the  end  of  the  firm  episode  of  tUo  falls  is  :  ' 

(1)  From  the  compataliona  given 13,1^00  yean 

(2)  From  the  dale  of  deformation  recorded  in 

the  Iron iioifl  beach* K.SOO    " 

(3)  From    the  deformatioa    recorded  in    the 

Lnndy  beachf IS,800    " 

Mpan  result 13,600    " 

B,  (1)  Computed    time    since   the  Hurpn    waters 

turned  into  the  Niitgara 7,800    " 

(3)  From  the  proportional  deformation  of  the 

Atfjonquin  (N.E.)  outlet  compared  with 

the  ci.imputed  age  of  the  riverj ",4uo    " 

(.^)  From  the  proportional  deformation  of  the 

Algonquin  uplifig    6,500    " 

Mean  result 7,833    " 

C,  (1)  Computed  age  of  Niagara  river  _ 32,000    " 

(2)  From  the  rate  of  deformation  of  Algonquin 

beach  since  the  commencement  of  Niagara 

river|| 28,000    " 

Mean  result 30,000    " 

These  computations  were  originally  made  not  to  seek  for 
favorable  evidence  but  to  discover  discrepancies,  for  I  did  not 
expect  that  the  date  liad  been  correlated  with  sufficient  accur- 
acy ;  but  the  several  results  agreeing  so  closely  in  spite  of  the 
unavoidable  inaccuracies,  seem  to  me  to  comfirm  the  general 
correctness  of  the  determinations  of  the  phenomena  and  tbe 
methods  of  computation. 

•a.  differentisl  rise  of  3"0  feel  tit  the  millet  of  Lake  Ontario  divided  tir  iJ 
feet  a  century. 

+  A  riBO  of  160  (ect  \a  the  Siogara  district  dirided  by  I'35  foot  a  cfntury, 

hfgcf  32,000  yenre. 

%  ii  of  28,000  (aee  neil  note). 

j  Kiac  of  GGO  feet  in  tbe  Algonijuin  bench  Igbs  100  feet  before  the  birlbof  ll^' 
Niagara  at  the  rnie  of  %  fed  a  centnrj'. 
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1 0.  JRelationahip  of  the  Falls  to  Geological  Time, 

All  attempts  to  reduce  geological  time  to  terms  of  years  are 
lost  difficult,  but  the  Niagara  river  seemed  to  be  an  easy  chro- 
ometer  to  read,  and  yet  we  see  that  utterances  even  this 
ear  are  vastly  farther  from  the  mark  than  those  made  fifty 
ears  ago — the  clock  had  not  kept  mean  time  throughout  its 
sistence.  After  this  attempt  at  regulating  the  chronometer, 
ivestigators  will  doubtless  earn'  the  determinations  to  greater 
ccuracy,  but  for  the  present  I  can  offer  this  geological  com- 
ensation.  The  Niagara  seems  a  stepping  stone  back^o  the  ice 
ge.  What  is  the  connection  between  the  river  and  the  Pleis- 
3ceiie  phenomena? 

The  Lake  epoch  is  an  after  or  late  phase  of  the  Glacial,  and 
liagara  came  into  existence  long  subsequent  to  the  commence- 
lent  of  the  lakes.  If  we  take  the  differential  elevation  of 
be  deserted  beaches,  and  treat  them  as  absolute  uplifts  in  the 
Niagara  district,  with  the  mean  rate  of  rise  in  the  earlier  por- 
ion  of  the  lake  epoch  as  in  the  later,  then  the  appearance  of 
barren  water  in  the  Erie  basin  was  about  60  per  cent*  longer 
go  than  the  age  of  Niagara  river;  or  about  50,000  years  ago. 
he  earlier  rate  of  deformation  was  not  greater  than  that  dur- 
ig  the  Niagara  episode  as  shown  by  the  deformation  of  the 
caches  but  it  may  have  been  slower,  so  that  from  50,000  to 
0,000  years  ago  Warren  water  covered  more  or  less  of  the 
Irie  basin.  Before  the  birth  of  Niagara  river,  by  several 
iiousand  years,  there  was  open  water  extending  from  the  Erie 
asin  far  into  the  Ontario  and  all  the  upper  lakes  were  open 
rater  with  a  strait  at  Nippissing,  but  the  northeastern  limits 
re  not  known,  and  although  they  do  not  affect  the  age  of 
liagara,  yet  they  leave  an  open  question  as  to  the  end  of  the 
5e  age,  in  case  of  those  who  do  not  regard  the  advent  of  the 
ikes  as  its  termination.  Certainly,  if  not  before  the  Iroquois 
pisode,  at  its  close  the  ice  age  had  ended  so  far  as  the  whole 
ike  region  and  St.  Lawrence  valley  is  concerned ;  and  the  end 
f  the  Iroquois  episode  was  about  14,000  years  ago.  To 
btempt  to  place  the  end  of  the  ice  age  at  either  50,000  or 
4,000  years  ago,  or  between,  would  be  to  base  the  conclusions 
pen  opinions  and  conjectures  not  so  far  settled  by  the  incom- 
letely  written  history  of  the  lakes,  whose  age  in  terms  of  the 
ills  may  be  inferrea.  The  determination  of  the  end  of  the 
5e  age  will  be  in  terms  of  the  lake  history. 

*  The  beflchcs  show  an  elevation  in  the  Niagara  district  (accompanied  by 
^formation)  amoiintinpr  to  940  feet  above  tide,  of  which  673  feet  have  been 
used  since  the  birth  of  the  Niagara  river. 


11.  Eurio/  the  FUlU. 
Aa  liaa  already  beeu  noted,  tbe  falls  waa  in  dancer  of  being 
ended  by  tbe  turning  of  the  waters  into  tlie  Mi«£iBBipni,  when 
tbe  cut  throngb  the  Jolinson  ridgo  was  effected.  With  the 
present  rate  of  calculated  terregtrial  uplift  in  the  Niagara  di»- 
trict,  and  the  rate  of  recession  of  the  falls  continued,  or  even 
doubled,  before  tbe  cataract  i^ball  have  reached  tbe  Devooian 
escarpment  at  Buffalo,  that  iimestone  barrier  shall  have  been 
raisea  go  high  as  to  turn  the  waters  of  the  upper  lakes  into  the 
Mississippi  drainage  by  way  of  Chicago.  (An  elevation  of  60 
feet  at  the  outlet  of  uike  Erie  would  bring  tbe  rocky  floor  of 
the  channel  as  high  as  the  Chicago  divide,  and  an  eleva- 
tion of  70  feet  wonid  completely  divert  tbe  drainage.  This 
would  rerjuire  5,000  or  6,000  years  at  the  estimated  rate  of  ter 
restrial  elevation.  It  would  be  a  repetition  of  the  phenoraeni 
of  the  turning  of  the  drainage  of  tbe  upper  lakes  from  the 
Ottawa  valley,  into  the  Erie  basin, 

12.  Conctuiiont. 
The  computation  of  the  age  of  the  Niagara  river, — based 
upon  the  measured  rate  of  recession  during  48  years;  upon 
the  changing  descent  of  the  river  from  200  to  420  feetsnd 
back  to  320  feet;  and  upon  the  variable  discharge  of  water 
fn.rii  Hiat  .pf  the  Ei-ie  b.ishi  ..niv.  dnriric;  three-fonrlbs  of  the 
HfL-uf  liK-  river,  to  aft.er\v:irtis 'that  of  iUI  the  upper  lako^- 
leads  to  the  conclusion  that  the  Niagara  Falls  are  31,000  years 
old  and  the  river  of  32,000  years  duration  ;  also  that  the 
Huron  drainage  turned  from  the  Ottawa  river  into  Lake  Erie 
less  than  8,000  years  ago.  Lastly,  if  the  rate  of  terrestrial 
deformation  continues  as  it  appears  to  have  done,  then  in 
about  5,000  years  the  life  of  Niagara  Falls  will  cease,  by  the 
tuniing  of  the  waters  into  the  Mississippi.  These  computa- 
tions are  confirmed  by  tbe  rate  and  amount  of  differential  ele- 
vation recorded  in  the  deserted  beaches.  It  is  further  roughly 
estimated  that  tlie  lake  epoch  commenced  50,000  or  60.Ui"' 
years  ago,  and  there  was  open  water  long  before  the  birth  of 
Niagara  in  even  the  Ontario  basin,  and  that  under  no  circum- 
stances could  there  liave  been  any  obstruction  to  the  Ontario 
basin,  if  even  then,  later  than  tbe  end  of  the  Iroquois  epii^oiJe 
which  has  been  found  to  have  ended  14,000  years  ago. 
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r.  LXIV. — Resonance  Analysis  of  Alternating  Currents; 
by  M.  I.  PuPiN,  Ph.D.,  Columbia  College.     Part  II. 

LDDITIONAL  evidences  proving  the  correctness  of  its  indica- 
is  referred  to  in  the  last  paragraph  will  be  found  among  the 
ilts  of  the  following  experiments. 

IV. — Location  of  the  Origin  of  Upper  Harmonics. 

A,  Experiments  with  alternator  of  smooth  core  armature, 

st  Series. — The  first  set  of  experiments  in  this  direction 
.  performed  with  the  10  H.  P.  Fort  Wayne  8  pole  altema- 
with  smooth  core  armature  and  the  Stanley  5  K.  W.  trans- 
ner  (closed  magnetic  circuit).  The  secondary  circuit  car- 
l  no  load  and  a  Cardew  voltmeter  indicated  the  secondary 
;age.  The  current  which  excited  the  field  of  the  alternator 
gradually  increased.  The  secondary  voltage  measured  the 
ngth  of  this  excitation.  The  air  core  transformer  with  the 
mator  was  inserted  into  the  primary  circuit  as  indicated  in 
l^  The  resonant  rise  of  potential,  recorded  by  the  multi- 
alar  voltmeter  e\  was  carefully  determined  at  every  excita- 
I  for  the  f undemental  frequency  and  for  the  first  odd  har- 
lic.  Higher  harmonics  were  present  but  very  faint.  The 
I  Its  are  given  in  Table  IV  and  plotted  in  fig.  5.  The  initial 
age  in  tne  resonant  circuit  was  small,  just  perceptible  in 
multicellular  voltmeter. 


Table  IV. 

Secondary  voltage. 

Kesonant  rise  in  volts 
due  to  the  fundamental. 

Resonant  rise  in  volts 

due  to  the  first  odd 

harmonic. 

43 

122 

58 

48 

130 

65 

58-5 

136 

72 

5G 

J38 

73 

62 

146 

80-5 
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160 
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The  curves  in  fig.  5  were  plotted  from  this  table  by  taking 
tlie  readings  of  tlie  first  coltiinn  for  tbe  abscissn?  and  the  cor- 
responding readings  of  the  second  and  third  colamns  for  ordi- 
natea.  The  upper  curve  corresponds  to  tlie  fundamental  and 
the  lower  curve  to  the  harmonic.  7'he  two  curves  are  Im 
siraiijht  li iii's parallel  to  each  other,  which  means  that  thefvii- 
damenial  and  the  harmoitio  increase  at  the  same  rate  from 
nearly  one  third  excitation  to  full  excitation  of  the  alternator-  j 
This  result  was  not  expected,  but  its  correctness  was  verified 
bevond  all  reasonable  doubt. 

The  same  series  of  cxperitiients  was  extended  to  lower  e-xci- 
tatioTisof  the  alternator,  but.  since  I  had  no  low  reading  alter- 
nating cnrront  voltmeter,  the  excitation  was  measured  l).v 
measuring  tlic  exciting  field  current.  This  current  was  W 
ampercH  at  full  excitation  and  the  series  of  experiments  ex- 
tended  down  to   1-5  amperes,  lience  to  nearly  one  seventh  of 
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the  foil  excitation.  To  bring  the  readings  of  the  resonant 
rises  of  potential  within  the  scale  of  the  multicellular  voltmeter 
at  these  low  excitations  the  number  of  turns  in  the  air-core 
transformer  was  suitably  increased.  Within  all  these  limits 
of  excitation  hoth  the  fundamental  and  the  harmonic  increased 
at  the  same  rate  and  proportionally  to  the  magnetization 
of  the  transformer  core.  This  magnetization  extended  between 
about  600  and  4000  C.G.S.  lines  of  force  per  square  centimeter. 

2d  Seines. — To  determine  whether  the  presence  of  the 
harmonic  was  due  to  the  action  of  the  transiormer  or  to  that 
of  the  alternator  the  transformer  was  disconnected  from  the 
alternator  and  two  series  of  incandescent  lamps,  connected  in 
parallel,  were  substituted  in  its  place.  Each  series  consisted  of 
13  twenty-four  candle  power  lamps.  The  resonator  with  its 
air-core  transformer  remained  in  circuit  as  before.  First  one 
series  of  lamps  was  placed  in  circuit.  The  rise  due  to  the 
fundamental  was  stronger  than  in  the  preceding  experiments, 
but  that  due  to  the  harmonic  was  exceedingly  faint.  When 
both  series  of  lamps  were  thrown  in  the  harmonic  appeared  a 
trifle  stronger  but  still  very  weak.  Hence  the  inference,  that 
the  harmonic  was  due  almost  exclusively  to  the  action  of  the 
transformer. 

It  should  be  observed  here  that  the  alternator  armature, 
though  well  laminated,  runs  fairly  hot  in  a  short  time,  hence 
it  must  be  the  seat  *of  a  decidedly  strong  hysteretic  action. 
On  the  other  hand  the  transformer  docs  not  heat  nearly  as 
much  as  the  alternator  armature  and  yet  its  action  produces 
the  harmonic.  This  certainly  seems  to  speak  strongly  against 
the  view  that  harmonics  are  due  to  hysteresis.  Other  evi- 
dences against  this  view  will  be  given  below. 

Sd  Series. — A  series  of  experiments  with  open  magnetic 
3ircuit  transformers  of  induction  coil  type  in  place  of  the  lamps 
showed  the  harmonic  much  stronger  tnan  tlie  lamps  did,  but 
considerably  weaker  than  the  experiments  with  the  transformer 
B^ith  closed  magnetic  circuit.  Accurate  numerical  comparisons 
!)etween  the  two  types  of  transformers  in  this  respect  was  not 
ittempted.  It  suificed  to  establish  that,  closed  magnetic  cir- 
ruit  transformers  distort  the  primary  current  considerably 
nore  than  transformers  with  open  magnetic  circuits  under 
foual  degrees  of  magnetization ;  on  the  other  hand,  in  the 
lirst  case  the  distortion  is  confined  almost  entirely  to  the  pri- 
nary  circuit  when  the  secondary  is  closed  by  a  nonself-induc- 
iive  resistance,  whereas  in  the  second  case  it  is  felt  in  the 
lecondary  circuit  also,  though  considerably  less  than  in  the 
primary. 


The  general  conclusions  of  this  group  of  experimente  may 
be  BUDimcd  up  as  fuUuws : 

I.  A  fvrrio  ee^-mduotanae  in  circuit  with  an  altematOT 
which,  gtVM  a,  simpU  harmonic  elactrovwtvm  force  distort*  the 
current  hy  introducing  higher  odd  harmonica,  j>rincipalli/  tin 
harmonic  of  three  timei  t^e  frequency  of  ike  fundaviental. 

II.  Thi*  harmonic  (uid  in  hII  probability  kII  other  barmoo- 
ie«)  increwti  at  the  »amii  rate  am  the  fundamental  when  tie 
emoitatum.  increaae/i,  the  rate  of  increaae  being  up  to  iO(J0  C.  G. 
S.  Ii7tea  qfjorae  per  aq.  ceiitim  proportioned'  to  the  intenaity  of 
ma^etic  tndnction. 

III.  Wheti  this  ferric  induotanee  ia  a  transformer  then  tk 
distortion  appeara  in  the  induced  seoiindary  eleciromotive 
force,  if  the  transformer  has  an  open  magnetic  circuit,  it  dw* 
not  appear  there  {to  any  extent  tcorth  conaidsring)  if  the 
magnetic  circuit  is  a  closed  one. 

TV.  A  practically  simple  harmonic  electromotive  forcf  w 
produced  by  alternatora  with  amooth  core  amiaturea  when 
symmetrically  wovnd,  ei^en  \f  the  machine  ia  trtn-ked  nt  con- 
siderable degrees  qf  magnetisation  of  the  armature  core. 

B,  Meperinienf*  ieith  alternator  of  slotted  core  armature  type. 

The  machine  employed  in  these  exparimonte  was  the  1  K.  P. 
alternntor  mentioned  above.  It  is  a  Ifi  pole  machine  witli 
slotted  JiMdiitiii-o  L-(irt!.  It  gives  at  full  cxcitntiori  am!  iho  f^pt'cd 
at  wliidi  it  Wiis  usually  run  in  tlicse  oxperinieiUs  aUout  Ki'"' 
volts.*  The  transformer  connected  with  it  was  of  induction 
eoil  type  with  a  cylindrical  iron  core  made  up  of  very  care- 
fully insulated  fine  iron  wire.  The  same  series  of  experimenti 
were  performed  as  under  group  (A).  The  Jirat  scries  in  this 
group  gave  exactly  the  same  results  as  the  corresponding  series 
in  group  (A).  The  excitation  varied  from  one-seventh  of  the 
full  to  full  excitation  ;  the  amplitude  of  the  fundamental  and 
the  hrst  odd  hannonicf  varied  at  the  same  rate  during  the 
whole  interval,  so  that  a  parallel  pair  of  straight  lines  like 
those  in  fig.  5  could  be  plotted  in  this  case  also.  The  second 
series  resulted  in  the  conclusion  that  the  harmonic  was  very 
strong  and  d\ie,  in  a  very  large  ineasui-e,  to  the  action  of  the 
armature  and  not  to  that  of  the  transformer  as  in  the  other 
case,  although  the  transformer,  also,  contributed  a  distinct  hut 

*A  more  complete  dencriptioti  of  this  machine  nnd  the  traDsFormer  vill  be 
fonml  in  this  Joiirtinl.  Jiini?,  IB!)3.  p.  510,  etc.  Oiriug  to  an  aradeot  thich 
soiiiewliut  irnpairod  the  insiilutioti  of  the  armature  tlie  macbiae  vfaa  run  Inst  vcar 
Bt  l.HV  encilatioii  and  lience  low  voltaife  althougli  tlie  speed  was  then  coaaiden- 
bly  higher. 

t  Tlie  ("ucoud  odd  liannonic.  that  is  the  liarmonie  whoae  (roqnencv  is  live  tiMt 
Dint  of  tlie  fundumcntal  was  there  but  wenk. 
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coniparativelj  small  share  to  the  strength  of  the  harmonic. 
The  third  series  showed  that  the  harmonic  appears  in  the 
secondary  of  an  open  magnetic  circuit  transformer  although 
(considerably  weaker,  but  does  not  appear  there  to  any  appreci- 
ible  extent  when  the  magnetic  circuit  of  the  transformer  is  a 
closed  one. 

To  the  four  conclusions  given  at  the  end  of  the  series  of 
experiments  under  group  A  the  following  additional  condu- 
riolis  may,  therefore,  be  added  : 

V.  An  alternator  with  slotted  core  armature  produces  a 
complex  harmonic  electromotive  force  in  which  the  upper  har- 
monic (yf  three  times  the  frequency  of  the  fundamental  is 
generally  hy  far  the  strongest. 

VI.  The  amplitudes  of  the  fundamental  and  the  harmonic 
increase  at  the  same  rate  with  the  increase  of  excitation  /  this 
rate  is  within  the  limits  of  magnetization  mentioned  above 
proportional  to  the  excitation^  that  is  to  say^  proportioned  to 
the  magnetisation  of  the  armature, 

VII.  Afei^c  inductance  in  circuit  with  a  slotted  iron  core 
Trmxiture  introduces  no  new  harmonics.  It  strengthens  those 
already  existing  in  the  electromotive  force^  that  is  odd  har- 
monics^ especially  the  first  odd  harmonic. 

The  same  conclusions  will  evidently  hold  true  for  alter- 
Qators  of  ordinary  types  whose  armature  is  made  up  of  coils 
wound  on  iron  cores  which  are  bolted  to  a  cylindrical  iron 
drum  common  to  all  of  them. 

High  degrees  of  magnetization  of  the  transformer  core  pro- 
Juce  a  strong  deformation  of  the  primary  current  wave.  With 
inductions  of  over  12000  C.  G.  S.  lines  of  force  per  sq.  cm.  it 
is  possible  to  make  the  amplitude  of  the  1st  odd  harmonic 
3ven  greater  than  the  amplitude  of  the  fundamental.  It  is 
3vident,  therefore,  that  the  parallelism  of  the  lines  in  lig.  5 
ceases  as  soon  as  the  magnetization  curve  of  the  transformer 
jore  begins  to  approach  the  knee.  Experiments  relating  to 
:hi8  point  will  be  described  in  the  near  future.  The  experi- 
nents  described  in  this  paper  were  limited  to  conditions  met 
^ith  in  the  operation  of  commercial  alternating  current  appa- 
ratus. 


V.  Effect  of  the  load  upon  the  harmonics. 

It  is  a  well  known  fact  that  the  distortion  of  the  primary 
jurrent  disappears  gradually  with  the  increase  of  the  secondary 
oad,  that  is  when  the  external  part  of  the  secondary  circuit  is 
i  non-self-inductiv^  resistance.  The  question  arises  now,  what 
becomes  of  the  harmonics  which  produce  the  distortion  of  the 


primary  cnrrent  wlien  the  seeondnry  cnrrent  increasee.  The  | 
loHowing  experiments  eeem  to  answer  this  question  detSnitely: 
The  arrangement  of  circnits  was  tliat  given  in  fig.  l^  The 
secondary  circuit  of  the  large  6  K.  W.  transformer  contained 
an  eleetrolyte  resistance  and  the  secondary  cnrrent  was  meas- 
ared  by  means  of  a  Siemens  elcctro-djnamo-raeter.  For  even 
particular  value  of  the  secondary  current  the  reeonant  rises  of 

fiotential  duo  to  the  harmonic  and  the  fundamental  were  care- 
nlly  determined  hy  meang  of  the  multicellular  voltuieter. 
Table  V  contains  the  observations  relating  to  the  harmonic  of 
three  times  the  frequency  of  the  fundamental ;  Table  V] 
relates  to  the  fundamental  (13(i  P.  P.  S^  The  apparalns 
employed  were  the  large  alternator  and  tlie  S  K.  W.  trans- 
former. 


Resonant  rise  of 
ibe  fuDdanientsI 

(Observed.) 


90 

200 

17-3 

200 

2T-0 

1S5 

44-0 

155 

560 

]60 

Table  VI  requires  explanation.  When  the  secondary  car- 
vent  was  (iver  3m>  amperes  the  resonant  rise  of  the  fnndanieiitil 
was  too  high  for  the  voltmeter  employed  and  aho  too  risky  for 
the  condenser.  An  auxiliary  resistance  had  to  be  introduced 
into  the  rewjiiator  to  bring  the  resonant  rise  down  to  the  limits 
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the  voltnteter.  These  aaxiliary  reeistances  are  given  in  the 
ird  oolamn.  The  readings  that  would  bare  been  obtained 
thoQt  these  auxiliary  resistances  were  then  calculated, 
ngbly,  as  follows :  According  to  theory  which  was  verified 
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experiments  described  in  the  beginning  of  this  paper  the 
jnant  rise  mnltiplied  by  the  resistance  of  the  resonator  is 
hiu  certain  limits  mentioned  above  independent  of  these 
[Stances.  The  resistance  of  the  resonator  coils  was  16  ohms. 
nee,  if,  for  instance,  x  denote  the  rise  which  would  have 
n  obtained  without  auxiliiiry  resistance  in  the  resonator 
en  the  secondary  current  was  5  amperes,  then  since  with  an 


aiixiliurj  reeietance  of  6ti  olimg  the  resoaant  rise  was  122  I'olU 
we  linve  with  n  rougL  approximation. 

122x66 
if=       ^-  -  =  503  volts. 

In  this  manner  the  Sgnres  of  the  fourth  column  were 
obtained.  Tliey  are  only  very  rough  approximations,  but  still 
they  give  ii  fair  idea  of  the  ratio  of  tlie  fundamental  to  the 
npper  barinonic  at  varions  loads.  Curves  I  aod  II,  fig.  fi,  were 
plotted  from  these  data.  The  secondary  onipei'cs  were  taken 
for  the  abscissiK  and  the  corresponding  resonant  risefi  in  volts 
for  the  ordinates.  Curve  III  represents  Curve  II  plotted  on  a 
dififerent  scale  for  the  volts  of  the  resonant  rise  of  potentisL 
These  are  given  in  the  right  hand  vertical  column  of  thedii- 
gram.  This  curve  gives  a  better  picture  of  the  gradual  upparmt 
increase  of  the  harmonic.  An  inspection  of  I  and  II  shows 
clearly  bow  much  more  rapidly  the  fnndamental  increases  tbnrj 
the  harmonic.  In  reality  the  increase  is  even  more  rapid ; 
for  according  to  Table  V  it  appears  as  if  the  strength  of  Ibe 
harmonic  increased  with  the  secondary  cuiTent,  only  mnoli  . 
less  rapidly  than  the  fundamental.  For  instance,  at  open  sw-  i 
ondary  the  voltmeter  indicated  63  volt«  for  the  resonant  ri§e  ' 
of  the  fnndamental ;  and  at  56  amperes  in  the  socondaiy  this  j 
rise  was  indicated  by  202  volts.  But  it  must  be  noted  tAai  m  j 
the  first  case  the  voltmeter  needle  went  from  praaticallff  zero  "t  ' 
iiu  r<:8'iiunii:i;  to  fy.t  when  /■onmafic;  imn  rc'tirhed  ;  vhereanm 
the  second  case  it  went  from.  135  volts  at  no  resonance,  to  202 
volts  when  resonance  was  reached,  so  that  the  real  resonantriff 
was  piactieally  the  same  in,  both  cases.  Similarly  for  all  other 
loads  in  the  secondary.  Ic  follows,  therefore,  that  if  the  liar 
monic  increased  at  all  with  the  increase  of  the  load  tliis 
increase  was  much  smaller  than  appears  at  first  sight  from  tbc 
data  of  Table  V.  The  more  important  conclusion,  however, 
which  follows  from  this  experiment  and  which  1  wish  to  point 
out  more  particularly  is  that  tlie  harmonic  which  manifenU 
itself  in  ine  distortion  of  the  primai-y  current  when  there  h 
1X0  load  in  the  secondary  is  jtresent  at  all  loa<ls,  if  not  strou^iir. 
then  certainly  with  alout  the  same  strength.  At  full  load  'thi» 
harmonic  coul/l  not  possibly  be  detected  by  JonberCs  method  of 
sliding  contact ;  it  is  SO  exceeditigly  small  In  comparison  to 
the  fundahiental. 

This  persistence  of  harmonics  at  all  loads  even  when  com- 
pletely bidden  by  the  fundamental  wave  holds  true  also  when 
their  origin  can  be  traced  to  the  action  of  the  armature  of  tbe 
generator  as  in  the  case  of  the  maeliine  with  slotted  iron  core 
armature.  In  all  cases  their  strength  depends  upon  the  mean 
intensity  of  magnetisation  of  the  magnetic  circuits  to  which 
they  owe  their  origin  and  vpon  nothing  else. 
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Another  somewhat  more  difficult  but  very  instructive  way 
>f  proving  the  persistence  of  the  harmonics  is  represented  in 
ig.  7.  In  circuit  with  the  primary  of  the  large  machine  and 
ransformer  described  above  are  two  equal  air-core  transformers, 
I  h  and  a'  h\  By  means  of  a  double  switch  either  one  of  the 
wo  can  be  made  a  part  of  the  resonator  circuit,  c  df.  A 
mmber  of  condensers,  D,  in  series,  are  connected  across  pri- 
nary  circuit  as  indicated.  The  iwo  air-core  transformers,  a  h 
md  a'  6',  will  be  equivalent  when  the  resonator  voltmeter  e 
^ves  the  same  indications,  no  matter  which  one  of  the  two 
transformers  be  connected  to  the  resonator.  This  balanced 
irrangement  having  been  obtained,  the  balance  will  be  dis^ 
tnrbed  as  soon  as  the  condenser  D  is  plugged  in,  and  it  will  be 

7. 


a  h 


listurbed  in  a  great  variety  of  ways,  according  to  the  capacity 
)lugged  in.  !but  when  the  transformer  B  is  of  closed  mag- 
letic  circuit  type,  then  the  resonator  indications  remain  prac- 
ically  the  same  as  long  as  the  resonator  is  switched  on  the 
ir-core  transformer  a'  h\  no  matter  what  capacity  is  plugged 
n  Uie  condenser  D.  When  the  resonator  is  switchea  on  the 
ir-core  transformer,  a  J,  then  its  indications  will  be  different 
or  every  particular  capacity  in  D.     In  fact  the  circuit  A,  a,  J, 
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D,  A,  oan   be  treated  as,  an  entirely  separate  circoit  from  tbe 
circuit  A,  a'  h',  B,  A. 

This  atatement  needs  practically  no  modification  in  order  to 
cover  that  case  also  in  which  the  aclf-indnctance  of  the  pri- 
mary of  B  ia  diminished  by  pntting  a  non-self-inductive  load 
on  the  eecondarj'.  This  ntter  disagreement  between  theory 
and  experiment  deserves  a  closer  diacnssion,  but  since  its  con- 
nection with  the  subject  of  .this  paper  is  only  an  indirect  one 
I  prefer  to  reserve  it  for  some  other  time.  That  which  haz  a 
direct  bearing  upon  the  present  discussion  is  the  method  which 
the  above  mentioned  relation  offers  for  observing  the  variatioo 
of  the  harmonics  with  the  load  without  the  disturbing  induc- 
tive effect  of  the  large  primary  current.  It  is  this  :  Coonect 
the  aii^core  transformer  a  b  (and  with  it  the  resonator)  in 
series  with  the  condenser.  Add  to  this  series  an  anxiliarj  ooil 
e  (no  iron  core).  By  the  combination,  thus  olit^ned,  bridge 
the  primary  circuit,  so  that  in  place  of  the  simple  coudenEsr 
bridge  D  given  in  fig.  7  there  will  lie  a  bridge  consisting  of 
oondenser  L>,  the  air-core  transformer  a  b  and  tbe  auxiliary 
inertia  coil  c.  The  secondary  C  being  open,  tnne  the  circait  i 
consisting  of  the  alternator  armature,  the  primary  oonductonj 
up  to  the  bridge,  and  the  bridge,  to  any  one  of  the  harmonica  I 
The  tuning  ia  doiie  by  means  of  varying  the  capacity  of  the  J 
condenser  and  the  self-indactance  of  the  auxiliary  inertia  coil.  I 
Then  close  the  secondary  circuit  by  means  of  an  electrolyte  ' 
resistance  and  Viiry  the  socoiulary  current.  It  will  be  found 
that  the  hiiruioiiic  diminishes  only  slightly  with  the  increase  of 
the  secondary  load.  As  an  example  1  give  the  following: 
The  circuit  just  mentioned  was  tuned  to  the  harmonic  of  five 
times  the  frequency  of  the  fundamental,  that  is  6.50  p.  p.  s. 
At  no  load  the  resonator  indicated  a  rise  of  lOS  volts,  at  ove^ 
load  {56  amperes)  the  rise  was  94  volts.  But  this  drop  was  in 
all  probability  caused  by  armature  reaction. 

Whatever  the  ultimate  meaning  of  the  appearance  and  the 
persistence  of  the  odd  harmonics  in  an  alternating  current 
wave  may  be  I  am  not  quite  prepared  to  state  with  any  high 
degree  of  confidence.  One  thing  is  certain  and  that  is  that 
they  are  at  present  at  all  loads  with  almost  constant  strength. 
Their  presence  is  hidden  by  the  fundamental  wave  at  large 
loads,  bnt  when  conditions  favoring  resonance  with  any  one  of^ 
them  arise  they  iciU  cert-ainly  come  out  and  do  all  the  iniscAief 
they  can  to  the  insulation.  The  self-induction  of  a  motor  or 
that  of  a  closed  magnetic  circuit  transformer  does  not  neces- 
sarily affect  the  conditions  of  their  resonance.  These  condi- 
tions may  depend  in  such  circuits  solely  upon  the  self-induction 
of  the  alternator  on  the  one  hand  and  the  self-induction  and 
static  capacity  of  the  line  on   the  other.     According  to  the 
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experiments  jnst  described  the  resonant  current  is  then  con- 
fined entirely  to  the  alternator  and  the  line,  the  di-electric 
forming  a  part  of  its  circuit.  These  observations  will  be  modi- 
fied in  the  case  of  transformers  with  open  magnetic  circuits 
and  their  equivalents,  that  is,  closed  magnetic  circuits  possess- 
ing considerable  magnetic  leakage,  especially  when  the  condi- 
tions of  the  line  favor  resonance  with  the  fundamental  fre- 
quency, this  frequency  being  low;  such  magnetic  circuits 
possess  much  less  magnetic  sluggishness  and  can  influence  con- 
siderably the  conditions  of  resonance  with  a  low  frequency. 

VI.  Distortion  of  the  secondary  current. 

It  was  pointed  out  that  the  superposition  of  harmonics  upon 
the  fundamental  wave  was  confined  to  the  primary  circuit 
when  the  secondary  is  closed  by  a  non-self-inductive  resistance, 
that  is,  if  the  transformer  is  of  closed  magnetic  circuit  type. 
With  an  open  magnetic  circuit  transformer  the  deviation  of 
the  primary  current  wave  from  the  simple  harmonic  form,  due 
to  action  of  the  generator  or  the  transformer  or  both,  is  felt 
more  or  less  in  the  secondary  circuit  also.  If,  however,  the 
secondary  is  closed  by  a  ferric  self-inductance  then  odd  har- 
monics will  appear  in  this  circuit  also  in  both  types  of  tran6-  • 
formers.  Injact^  the  secondary  circuit  should  now,  as  far  as 
the  harmonics  are  concerned,  be  considered  as  a  separate  cir- 
cuit, in  which  the  secondary  coil  of  the  transformer  and  the 
ferric  inductance  in  the  secondary  circuit  play  the  same  part 
as  the  armature  of  the  altemator  and  the  transform^er  in  the 
prima/ry  circuit. 

The  series  of  experiments  which  related  to  the  origin  and 
growth  of  harmonics  in  the  secondary  circuit  was  similar  to 
the  one  described  above,  by  means  of  which  the  so-called  dis- 
tortion of  the  primary  current  was  studied.  The  results  were 
similar.  The  presence  of  harmonics  is  due  to  the  action  of  the 
ferric  inductance ;  their  strength  increases  proportionally  to  the 
intensity  of  magnetization  of  the  iron  in  the  ferric  inductance. 
They  seem  to  be  entirely  independent  of  hysteresis,  that  is,  if 
by  hysteresis  the  process  be  understood  by  means  of  which 
most  of  the  heat  is  generated  in  a  very  finely  laminated,  well 
insulated  and  well  annealed  iron  core,  when  such  a  core  is  sub- 
jected to  rapid  reversals  of  magnetism.  I  shall  describe  briefly 
an  experiment  bearing  upon  this  point.  The  secondary  circuit 
of  the  five  K.  W.  transformer  was  closed  by  an  electrolyte  resis- 
tance, and  a  short  cylindrical  coil  having  about  120  turns  coarse 
copper  wire.  A  short  cylindrical  core  made  up  of  very  fine  (No. 
26  B.  and  8.).  and  well  annealed  iron  wire  could  be  inserted  into 
this  coil.     The  core  was  40*^°  high  and  5^™  in  diameter.     The 
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wires  were  fairly  wel!  insnlatedfrorn  each  other.  A  layer  of  fine 
copper  wire  eurroiiDdiDg  this  coil  formed  part  of  the  resiHiiitor 
circuit.  First,  the  Beconaary  current  was  passed  through  the  c^ 
hiiforn  the  iron  core  was  inserted.  The  reBonator  conld  deteti 
no  haniionie  worth  mentioning  even  when  the  current  ' 
increased  almost  to  full  load.  But  as  Boon  as  the  iron  con 
was  introdaced  the  odd  Larmonics  appeared,  especially  thv' 
third  harmonic  ;  ite  strength  increased  proportionally  to  tha 
current.  PlHcine  now  another  similar  iron  core  on  the  top  tf 
the  first  and  adjusting  it  in  such  a  way  that  it  allowed  a  eiiwH 
rocking  motion  the  two  cores  eoiild  be  set  into  violent  vibra- 
tion by  the  indnctive  attraction  between  them.  This  vibration 
jnanifested  itself  by  a  very  lood  note  corresponding  In  pitclito 
the  frequency  of  the  alternator.  The  vibration  could  ha 
diminiehed  very  rnach  by  pressing  the  top  core  againat  the 
lower  core  and  against  the  table.  The  vibration  piwinced  no 
appreciable  difference  in  the  strength  of  the  hartnonlci  if 
anytliing  it  seemed  to  make  it  stronger.  Mechanical  vibnttioa 
prodnced  by  Htriking  the  cores  prodnced  no  appreciable  changi 
in  the  harmonic.  These  experiments  seem  to  me  to  retider 
the  theory  wliidi  iiscriljes  the  origin  of  hnnnoiiics  to  th«  liyfr 
leretie  nutioii  of  iron  eomi»leteIj  nntunable. 

I  do  not  think  that  the  pro|>er  time  has  arrived  yet  for  tlH 
formulation  of  a  physical  tlioory  which  will  give  a  oompkM- 
jK'foiiiit  of  tlie  pc'c-iHinr  hplmvior  of  iron,  by  means  of  w-Iiich 

monic  current.  The  view  which  irresistibly  sngpesls  itself  to 
my  mind  is  simply  this  :  Upper  harmonics  will  be  generated 
wlienever  more  or  lese  abrupt  changes  of  the  magnetic  state  in 
any  part  of  the  magnetic  field  through  which  an  alternating 
current  flows  occur.  A  slotted  core  armature  or  an  armature 
made  np  of  coils  with  iron  cores  distributed  over  a  drum  com- 
mon to  all  of  them  will  introduce  such  changes.  An  alternat- 
ing current  induction  motor,  especially  when  it  is  not  of  a  sniooth 
coW  armature  typo,  will  also  cause  abrupt  changes  of  maenetisin 
and  hence  cause  strong  deviations  of  the  feeding  current  from 
the  sini|'h>  lurmonip  form.  Rut  if  this  view  be  correct,  then 
eviTv  i'iiiii[ilrtr  <-y\f  uf  iiiiignctization  to  which  iron  i?!  sui)- 
jfcU'il  wlirii  innii  i-  ihi  idiliictive  action  of  a  simple  harmonic 
(lurri'nt  iiiur-t  \h-  :iiTniii[i;ii]iud  by  some  abrupt  cljanges  in  iiiag- 
iietisiii,  and  that,  too,  whether  the  mean  magnetic  intensity  of 
tile  cycle  be  large  or  small.  One  thing  seems  certain  and  that 
IS,  that  hysteresis,  as  commonly  undei^tood,  will  not  acconiit 
fur  tlii'rti'  ;ilini|it  cyclic  changes ;  for,  if  they  really  exist  and 
aiv  ilir  I  MiiM'  uf  harmonics,  they  are  certainly  not  affected  ^v 
Tiii!i>li;niii';il  vilnMlimis  by  which,  as  is  well  known,  all  hysteretic 
etTeets   ;ire    iiiHiienced   very   much.     Bnt    whatever   the  real 
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theory  underlying  these  upper  harmonics  may  be,  the  bare  fact 
which  the  engineers  have  to  face  is :  There  is  no  cure  against 
harmonics  as  long  as  the  circuits  contain  iron.  Hence,  con- 
stmet  lines  in  such  a  way  that  conditions  favoring  resonance 
with  the  frequency  of  the  fundamental  or  with  one  of  its  odd 
upper  harmonics  will  seldom  occur,  and  whenever  they  do 
occur  the  resonant  rise  of  potential  should  not  be  capable  of 
producing  any  damage.  Avoid  slotted  armatures  arid  armor 
tures  with  projecting  pole  pieces  and  keep  the  magnetization 
down  as  much  a^  possible. 

VIL  Analysis  of  rotary  magnetic  fields. 

Before  closing  this  paper  I  will  describe  briefly  the  applica- 
tion of  the  resonance  method  of  analysis  to  the  study  of  the 
intensity  fluctuations  of  a  rotary  magnetic  field.     The  investi- 

Stion  was  carried  out  by  two  students  of  the  Electrical 
apartment  of  Columbia  College,  at  my  suggestion,  and  will 
be  published  in  the  near  future.  The  method,  briefly'  stated, 
is  this :  A  suitable  number  of  turns  of  wire  are  subjected  to 
the  induction  of  a  rotary  magnetic  field.  These  turns  form 
part  of  a  resonator.  Whatever  fluctuations  there  be  in  intensity 
of  the  rotary  field  they  will  be  periodic,  their  period  bearing 
a  perfectly  definite  relation  to  the  periodicity  of  the  current 
which  produces  the  rotary  field.  For  instance,  in  a  three- 
phase  combination  of  alternating  currents  the  intensity  of  the 
rotary  field  will,  according  to  theory,  show  six  maxima  and 
six  minima  during  each  complete  revolution,  the  maxima  dif- 
fering from  the  minima  by  about  14  per  cent.  A  circuit,  sub- 
ject to  the  inductive  action  of  such  a  field  should  have  a 
periodic  electromotive  force  induced  in  it  whose  frequency 
will  be  either  three  or  six  times  the  frequency  of  the  funda- 
mental, according  to  the  shape  of  the  curve  of  fluctuations. 
Similarly  in  a  rotary  magnetic  fi^ld  produced  by  a  two-phase 
combination  of  alternating  currents.  If  such  electromotive 
forces  were  induced  the  resonator  would  detect  them,  and 
from  the  resonant  rise  of  potential  the  extent  of  the  fluctua- 
tions producing  these  electromotive  forces  could  be  estimated. 
No  electromotive  forces  of  this  type  were  detected  in  either 
a  triphase  or  a  two  phase  combination.  Ilence  the  inference  : 
Rotary  magnetic  fields  produced  by  reasonably  well  constructed 
machines  are  not  accompanied  by  fluctuations  in  tlieir  intensity. 

Electrical  EngiDeering  Laboratory, 
School  of  Mines,  Columbia  College,  New  York,  May  10,  1894. 
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Art.  LXY.—I>istribt/tio?i  and  Prc^ahle  At/e  of  the  FouS. 
Shells  in  the  Brumlins  of  (he  Boaton  Jtasin;  hy  W.  0. 
Crosby  and  Hetty  O.  Ballabd. 

So  long  ago  as  during  the  Revolutionary  war,  Gen.  Bcnjamhl 
Lincoln  noted  tliat  in  dieging  a  well  00  feet  deep  in  the  fort' 
on  Telegraph  Hill,  in  Hull,  many  ehelts  were  found,  the  ^eSi- 
extending  from  near  the  top  of  the  ground  to  the  bottomed 
the  well.*  Seventj-five  years  ago  it  was  recorded  that  fnf 
inontB  of  clam  Blielle  had  been  found  40  feet  below  the  surface 
at  Jamaica  Plain,  and  at  the  depth  of  107  feet  in  di^^ng  tbe 
well  at  Fort  Strong,  which  was  built  in  1^14  oti  Xoddle*! 
Island,  now  East  Boston.f 

But  the  first  observer  to  note  the  occurrence  of  shells  in  tbs 
natural  sections  of  the  drift  hills  in  the  vicinity  of  Boston  wa 
Dr.  William  Sliinpson,  who  published  in  IS51  a  list  of  tbt 
fourteen  species  named  below,  which  he  found  in  tbe  sea-clif 
at  Winthrop  Great  Head,  then  a  part  of  Chelseu  :±  Balanm 
cretiatus,  Chryiodoinim  decemomtatus,  Tritia  trimUiUa,  Utr^ 
salpinx  clnerfa,  Mya  arertaria,  Ensatdla  amcricana,  ^actr* 
soUdivaima,  V«tiu«  merctnariOt  Gydocardia  horealia,  Attasil-i 
'  vndata,  AstarU  caaianea,  MytUfltt  eduHa,  Mod*ola  nwlielt^-^ 
Oslrea  vir^niana.  About  twenty-five  years  ago.  in  dig^ne 
a  well  in  Fort  Warren  on  Geiiri^e'R  Iwland,  shells  were  founa 
H)0  feet  beiow  the  surfuee  aniT  about  40  feet  below  the  sea 
level.g  In  1888  Mr.  W.  W.  Dodge  added,  doubtfully,  three 
species — Lacuna  neritaidea,  Tapes  Jfiictuosa,  and  Cardtum 
inlandicum — to  Stimpson'a  list  from  the  Great  Head  section;) 
and  noted  the  oecurrence  of  shells  in  Grover's  Cliff  on  the 
northeast  shore  of  Winthrop,  nearly  one  and  a  half  miles  north 
of  Great  Head.^ 

Stimpson  believed  that  the  sheila  were  eontemporaneoue 
with  the  enclosing  drift,  and  regarded  them  as  evidence  of  8 
marine  submergence  within  the  Pleistocene  or  Quaternarv 
period.  This  view  appeal's  to  have  been  generally  accepted, 
OP  at  least  not  to  have  been  questioned,  until  1886,  when  Lewis 

" Geograplii™!  GnKPtteer  of  tbe  Towns  in  tbe  Commonweal Ih  of  Uaasachuiiells, 
naK,  p.  5U.     (OdI;  a  aiuall  part  of  tbis  ivork  was  piiblisbeiLI 

fOiitbaes  of  Ihu  Miupmlogj'  iiail  fiealogy  of  JJosloii  aod  ils  ricinity,  ffilb  « 
geologiouimap.    %  J.  Krtfnion  Dona,  M.D.,  and  t?omuel  L.  Dana,  M,D.,  1818,  F'5S 

J  Pror.  Boston  l^of.  Niil.  Hist.,  vol,  iv,  p.  S. 

S  Reported  by  ITof.  W.  H.  Xilea  in  tbe  Proc.  Boston  Soc.  Mat.  Hist ,  tnl.  lii. 
ISfiO,  pfi.  2J'I  and  3f,i.  In  fonirnontiug  ou  this  liiacovery  Mr.  T,  T  Bouv*  resd  > 
IvtiL'r  from  a  (i:enllemnn  in  !  hill  cotiui;  Bimilar  fBCts  knoim  to  hini  \a  \ai  0*'° 
Vicinity  IP  IfC-ll 

1  Thia  .lourciil,  III,  vol.  iixvi,  p.  56. 

^  Proc.  BostoQ  Soc.  Nat.  Qiat.,  vol.  xxlv,  p.  138. 
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showed^  that  the  similar  but  more  impressive  occurrences  in 
Great  Britain,  where  shells  are  found  in  the  till  to  a  maximum 
height  of  1350  feet  above  the  sea,  do  not  require  a  submerg- 
ence of  the  land  or  anj  change  of  level ;  but  rather  that  the 
shells  and  fi'agments  of  shells  found  on  the  mountains  of 
Wales,  etc.  had  simply  been  plowed  up  by  the  ice^heet  during 
its  passage  across  the  bed  of  the  Irish  Sea  and  incorporated 
with  the  normal  drift.  The  shells  are  thus  to  be  regarded  as 
preglacial  inhabitants  of  the  Irish  Sea,  and  they  owe  their 
present  positions  entirely  to  the  agency  of  the  ice-sheet. 

Three  years  later,  Upham  applied  this  theory  to  the  explana- 
tion of  the  shells  in  the  till  of  the  Boston  Basin.f  He  exam- 
ined many  of  the  till  sections  in  and  about  Boston  Harbor,  and 
proved  that  the  distribution  of  the  shells  is  very  restricted,  and 
that  in  no  direction  are  they  found  far  beyond  the  present 
limits  of  the  harbor,  adding  seven  new  localities  and  four  new 
species  to  what  were  known  before.  His  tabulated  list  shows 
for  the  most  prolific  of  the  new  localities,  Peddock's  Island, 
five  species,  as  against  eighteen  then  known  for  Great  Head, 
Winthrop.  Upham  also  pointed  out  more  clearly  than  had 
been  done  before  for  this  region  the  usual  conditions  of  the 
occurrence  of  the  shells,  viz :  in  more  or  less  fragmental  forms 
in  the  entirely  undisturbed,  unmodified  and  unoxidized  till. 
The  shells  are  to  be  found,  as  a  rule,  only  in  deep  sections, 
simply  because  they  have  been  gradually  removed  from  the 
superficial,  oxidized  till  through  the  solvent  action  of  meteoric 
waters. 

In  this  Journal  for  February,  1894,  Mr.  R.  E.  Dodge  has 
added  four  species — Lunatia  groenlandica^  Scapharca  trans- 
versa^ JSuecinufn  undatum^  and  Ilyanassa  obsoleta — to  those 
previously  found  at  Great  Head,  bringing  the  list  for  that 
locality  up  to  twenty-two  species,  or  twenty-five  species  for  the 
entire  Boston  Ba8in,:|:  six  species  only  being  known  from  points 
outside  of  Winthrop,  three  of  which  are  included  in  the 
Winthrop  list.  Mr.  Dodge  was,  apparently,  not  aware  that 
one  of  the  present  writers§  had  previously  published  a  list  of 
eleven  species  found  in  the  drumlins  of  the  Nantasket  penin- 
sula, this  list  including  three  of  those  named  by  him  as  new 
for  Great  Head,  viz :  Ilyanassa  obsoleta^  Buccinum  undatum^ 
and  Scapharca  transversa^  and  one  other  new  species,  Cruci- 
bulum  striatum. 

♦Report  of  the  British  Association  for  Adv.  of  Sci.,  Birmingham,  1886,  pp. 
632-635;  Am  Naturalist  vol.  xx,  pp.  919-926,  November,  1886;  this  Journal, 
ni,  vol,  xzxii,  pp.  433-438.  December,  1886.  Also,  see  American  Geologist,  vol, 
ii,  pp.  371-379,  December,  1888. 

{Proc.  Boston  Soc.  Nat  Hist,  vol.  xxiv,  pp.  127-141. 
Mr.  Dodfro  has  made  these  numbers  23  and  26,  respectively,  but  this  appears 
to  be  an  error  in  addition, 
g  Occasional  Papers,  Boston  Soc.  Nat.  Hist.,  vol.  iv,  p.  142. 
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In  connection  with  a  8_ysteraatic  etudy  of  the  geology 
Boston  Basin,  we  have  made  a  canjfiil  search  for  fossili 
the  deep  drift  seclions  now  accessihlc,  more  than  doabii 
nninber  of  localities  and  extending  the  list  of  specia 
twenty  six  to  forty-seven.  Following  is  a  list  of  the  t 
one  new  species  which  wo  have  added  to  the  drift 
Cancer  irroratus,  Balanua  baUinoideg,  Fumt*  lornatUA 
tunea  pygmata,  Hipho  spUshfrgenaU,  Bucdnum  cyo 
Purpura  lapilfug,  Anachia  avara.  Jjunatia  IrUeriaia, 
duia  aonvexa,  C'repidula  plana,  Ci-tpwtvla  fornicata,  i 


Mop  of  Boi 


I,  Grovor'a  Cliff;  11,  Wintlirop  Creat  HoiiJ ;  III,  Heep  Island;  H 
Islanci;  V.  West  Knd  of  Lour  Isli.i.d;  \'l.  Long  lalnnd  Head.  VII. 
Island;  Vlll,  Georgu'a  Island;  IX.  <5rent  BrewHler  Island;  X,  Quiac 
Hill;  XI.  Nut  Ifllami:  XII,  rrlnwss  lleail;  XIII,  XIV.  SV,  XVI.  Pi 
Island;  XVII,  Tulpgrapli  Hill,  Hull;  XVII i.  Point  Allerlon,  Hull;  XIX 
bcrrvllill.  Hull;  XX,  Sagamore  [lend,  Mull ;  XXI.  well  on  James' Hill.  C 
XXl't.  well  in  liraintree;  XXIII.  well  in  Jamaica  Plain ;  XXIV,  well 
Boston. 
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erispcUay  SUiqua  squama  (?),  Mulinia  lateralis^  Saxicava 
norwegi€a{i)y  Cypnna  islandica^  CaUista  convexa^  Anomia 
glabra^  Pecten  mageUaiiicv^^  Aatrangia  danas. 

In  this  Jonrnal  for  March,  1894,  Mr.  Upham  calls  attention 
to  the  previously  unpublished  observations  of  Mr.  Warren  W. 
Herman,  a  zealous  collector,  who  had  found  at  Great  Head 
the  four  new  species  subsequently  published  by  Mr.  Dodge, 
and  one  other — Crepidula  plana,  Mr.  Herman,  who  has 
kindly  placed  his  results  at  our  disposal,  has  examined  care- 
fully only  three  sections — Great  Head,  Grover's  Cliff  and 
Telegraph  Hill.  He  has  found  in  all  thirty-live  species,  eight 
of  which  have  not  been  found  by  any  other  observers ;  viz : 
Neptunea  ventricosa^  Sipho  stimpaoni,  Aatyris  lunata^  Bela 
(sp.),  Utriculv^  oanaliciUatus^  Petricola  pholadiformis^  Ma- 
coma  fra^ilis,  and  Argina  pexata.  This  brings  the  number 
of  the  drift  species  up  to  fiftv-live. 

The  accompanying  map  shows  the  distribution  of  all  the 
known  fossiliferous  sections,  including  the  wells  noted  by  early 
writers  in  Jamaica  Flain,  East  Boston,  and  on  George's  Island, 
and  two  other  wells  to  which  our  attention  has  been  called, 
one  in  Braintree  and  the  other  in  Cohasset.  The  map  is 
intended  especially  to  show  the  relations  of  the  fossiliferous 
sections  to  the  outlines  of  Boston  Harbor;  and  it  is  apparent 
at  a  glance  that  the  facts  support  the  views  of  Lewis  and 
Upham.  If  the  shells  are  preglacial  inhabitants  of  the  Boston 
Basin  which  were  scraped  up  by  the  ice-sheet  and  incorporated 
with  the  normal  drift,  they  ought  to  be  found,  as  they  are, 
chiefly  in  the  central  and  southern  portions  of  the  basin,  and 
overlapping  its  southern  but  not  its  northern  margin.  The 
non-occurrence  of  shells  in  the  numerous  drumlin  sections 
along  the  southern  shore  of  the  harbor  is  readily  explained  by 
the  fact  that  the  sections  are  all  too  shallow.  In  fact,  it  may 
be  said  that  fossil  shells  are  found  at  every  point  where  recent 
erosion  has  cut  through  the  buff  till  into  the  unoxidized  or 
blue  till,  say  to  a  depth  of  thirty  feet  or  more.  That  the 
shells  do  actually  exist  in  these  seetningly  barren  drumlins, 
and  others  still  farther  south,  is  proved  by  the  wells  just 
referred  to.  The  facts  are  as  follows:  Fragments  of  the 
round  clam  (  Venus  mercenaria)  were  found  by  Mr.  Titus 
Burbank  some  years  ago  in  digging  a  well  near  the  summit  of 
James  Hill  (a  typical  drumlin),  northeast  of  Scituate  Pond  in 
Cohasset.  The  well  is  45  feet  deep;  and  the  shells  were 
observed  only  near  the  bottom.*  Seven  years  ago  Mr.  Charles 
H.  Cnstance  of  Braintree  dug  a  well  at  the  house  of  Ibrahim 
Morrison  on  a  flat  irregular  drumlin  between  Braintree  and 
East  Braintree ;  total  depth  49  feet — 29  feet  in  "  gravel  and 

*  Occasional  Papers,  Boston  Soc.  Nat.  Hist.,  vol.  iv,  p.  143. 


houldera  "  and  20  feet  in  '*  bine  clny  "  (liliie  tilll.  In  the  bine 
clay  be  found  a  shcill.  yiinilar  facts  in  many  ntfier  wells  ahng 
the  South  Shore  have,  doubtlese,  escaped  intclUgent  obBervation 
and  record, 

Tlie  collections  made  by  Mr.  Hennan  and  onrselves  show 
that  several  localities,  notably  Grover's  Cliff  and  the  east  and 
west  ends  of  Peddock^s  Island,  rival  Crreat  Head  in  theahond- 
aiice  and  variety  uf  the  fossils.  The  nine  most  prolific  localities 
are  embraced  in  the  accompanying  table.  The  remwnine 
localities  have  afforded  the  species  indicated  below  :  West  end 
of  Long  Island,  33,  38,  43,  55 ;  Long  Island  Head,  2,  3%,  43, 
47,  55  ;  Lovell's  Island  and  Nut  Island,  38.  43,  55;  Greorge's 
Island,  U,  1^,  38,  43,  55;  Quincy  Great  Hill,  33.  38,  43,  44, 
55  ;  Princess  Head.  33,  38,  55  :  teddock's  Island,  2d  drnmiin," 
83,  38,  43.  .13,  55;  Peddock's  Island,  3d  dramlin,  88,  66; 
Strawberry  Hill,  ;iS,  43,  45,  47,  55. 

Previous  writers,  inclnding  Upham  and  Dodge,  have  cited 
the  occurrence  of  similar  fossils  in  the  drift,  either  nnmodified 
or  moditied,  ut  other  points  along  this  Coast  from  Brooklyn, 
N.  Y.,  to  the  mouth  of  the  Saguenay,  and  have  noted  tW 
not  a  single  certainly  extinct  species  has  been  funnd;  audit 
remains  now  to  add  that  our  studies  in  the  Boston  Basin  hare 
not  changed  this  important  generalization.  Upbam  has  also 
considerE^  the  climatic  ehauges  indicated  by  the  general  faeies 
of  our  drift  fauna.      Southern  forms  prevail,  including  tlie 

abundant  than  all  the  other  forms  taken  together,  althongh 
now  of  rare  occurrence  north  of  Cape  Cod-  A  few  forms, 
however,  have  a  northward  range  far  beyond  this  latitude: 
and,  as  Upham  states,  the  intermingling  of  characteristic 
southern  and  northern  forms  in  this  assemblage  of  fossils  from 
the  till  seems  to  he  readil}'  accounted  for  by  tlie  gradual  refrig- 
eration of  the  climate  which  culminated  in  tlie  formation  of 
the  icc-sheot.  The  distinctly  postglacial  fossils  dredged  in  the 
vicinity  of  Boston,  of  which  Upham  has  reported  rifty-oiie 
species,*  are  also  mainly  southern  forms.  The  evidence  thus 
appeal's  to  he  fairly  conclusive  that  in  preglacial  and  again  iu 
immediately  jiostglacial  times  the  climate  in  this  latitude  was 
milder  than  at  present. 

The  solution  of  the  shells  by  meteoric  waters  is  plainly  indi- 
cated by  the  facts  that  they  are  generally  wanting  in  the  siiper- 
ticial,  o.\idi:'.ed  zone,  and  that  such  as  are  found  in  this  zone 
are  commonly  more  fragile  and  have  an  etched  or  half-dissolved 
aspect.  Where  the  shells  have  wholly  disappeared,  their  former 
presence  may  in  some  cases  be  safely  inferred  from  the  lumps 
an<l  concretionary  masses  of  til!  which  are  found  chiefly  in  the 
•  Proc.  Boston  Sop,  Xiit.  Hist.,  vol.  iit,  pp.  305-316. 
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ratio.  S»7 

ilanoidea,  Slimpoon . . . 
matvt,  Bragniere 

at  dtcmi»»tata$,  Saj. 

tas.  Gould 

taoKi,  Jlorcb 

■erjwtiis,   Reeve 

ntrieoaa.  Gray 

■fgmaa.  Goutd 

ndaluin,  Linni 

Voncuni,  Bru^iere 

'atm.  S»y 

terfWn,  Sij    X 

dnfrea,  Sa,j-.. x 

fiUvt,  lAaai x   | 

i™.  Say X    I 

ita.  Say 

io«.S«y_   X    . 

teriala.  Say , 

cn/asi/iea,  Moller x    : 

Hndra,  Gould  (?) i    x    ' 

i>niMaia.  Uiin^. x 

jiaiui,  Say 

OMMO,  ^y 

«irfan»n,  Say. 

maticidahit.  Say 

pwto.  Lione' ..- 

■nericana,  Gould x 

IIM,  filaiDvi]le(?) 

-clica,  Udd^      I 

trvtgita,  3pongel(?) |    x 

■to,  Umxi         X 

iiurWi,  Chemnltx.. v 

(Tu/ii,  Say 

agilia.Q.  Fabr 

AufadiAirTnii,  Lomarck  ... 

anano,   Linne x 

BMW,  8ay 

(OM,  Gould(?) » 

mu/ico,  Linne 

laadUMm,  Liaoe  (7) x 

boreaia,  Conrad x 

■"^.Say  X 

nta,  Gould x    | 

tranaverm.  Say x 

lis,  TAaai x 

rfiWm,  Linnfi .    x 

'Jtanicai,  Conrad 

■Aims.  Miiller 

bra,  Verrill 

iniaaa,  Lister x    \ 

'.ana,  Aitassiz 

lurea,  Desor x 

;  3-j  , 
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oxidized  zone  and  are  due  to  the  very  local  cementation  of  the 
till  by  carbonate  of  liiuu,  the  most  probable  sonrce  of  Uiie 
cement  being  fossil  shells  which  have  vanished  in  this  trans- 
formatioo.  These  masses  of  recent  conglomerate  or  pebbly 
claystones  range  from  a  small  fraction  of  an  inch  to  several 
iticliee  in  diameter;  are  usually  distinctly  rounded  in  outline; 
and  may  occur  loose  in  the  till  or  attached  to  latter  stones  and 
bowldera  Although  observed  in  several  sections,  they  tre 
especially  noticeable  in  the  buff  till  of  Tele£;raph  Hill;  and 
one  example  from  this  section  shows  where  broken  the  impres- 
sion of  a  shell  fragment,  probably  Scapharca  tran^venta,  with 
a  minute  portion  of  the  original  shell  still  remaining. 

In  part  to  the  intei'stitial  deposition  of  carbonate  of  lime 
from  dissolved  shells,  but  chiefly  to  the  peronidntion  of  tJie 
iron  oxide  in  the  till,  is  due  the  setting  or  imperfect  lithifactioii 
of  the  buff  till  which  causes  the  upper  portions  of  tlie  cliff* 
to  present,  usually,  very  precipitous  or  even  vertical  and  over 
hanging  protiles.  That  tho  buff  till  and  the  blue  till  are 
really  contrasted  in  this  respect  is  apparent  from  the  fact  that, 
no  matter  how  high  or  how  fresh  the  sea-cliff  may  be.  tie 
talus  starts,  as  a  rule,  from  near  the  junction  of  the  two  kinds 
of  till,  and  the  blue  till  can  be  seen  in  sit«  only  wbere  the 
elope  is  gullied. 

The  segregations  of  carbonate  of  lime  are  also  found  OB.. 
the  shells  themselves,  below  the  zone  of  most  perfect  osids- 
tioii  uf  thu  till;  die  lunilities  whure  this  ivh.tiuii  h;is  been 
specially  noted  being  Moon  Island,  the  east  and  west  ends  of 
Feddock's  Island,  Deer  Island.  Point  Allerton  and  Strawberry 
Hill.  They  occur  almost  exclusively  on  the  larger  and  more 
massive  shells,  such  as  Venus  and  Cyolonardia ;  and  are  attached, 
as  a  rule,  to  the  inner  surfaces  or  the  less  salient  portions  of 
the  shells,  often  filling  the  recesses  of  the  hinge  and  the  per- 
forations made  by  the  boring  sponge  —  C'/iowo  triilphureci- 
Occasionally,  however,  the  shell  fragments  are  almost  entirely 
enveloped,  forming  the  nuclei  of  concretions.  In  some  cases. 
the  segregations  attached  to  the  sbells  are  protuberant  and 
present  the  rounded  outlines  of  normal  concretions  ;  but  more 
commonly  they  have  a  worn  or  fragmentary  character,  as  if 
they  had  suffered  abrasion  subsequent  to  segregation.  These 
same  shells  frequently  show  glacial  striiB;  hut  in  no  instance, 
so  far  as  we  have  observed,  do  the  strite  cross  the  cemented 
material,  although,  on  account  of  the  rough  and  gritty  char- 
acter of  the  latter,  one  might  well  hesitate  to  speak  positively 
on  this  point,  hnt  for  the  fact  that  prominent  scratches  are  in 
some  cases  partly  tilled  and  covered  by  this  natural  concretfi- 
This  is  an  important  point,  since,  in  connection  with  the  con- 
cretionary form  of   the  segregations,  it  affords   a  conclusive 
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nswer  to  the  view,  which  might  otherwise  appear  tenable,  that 
^e  have  in  these  segregations  remnants  of  a  preglacial  lithified 
matrix  of  the  shells.  In  fact,  the  form  and  mode  of  occar- 
ence  are,  in  many  cases,  strongly  suggestive  of  snch  an 
xplanation  ;  and  it  is  noteworthy  that,  although  this  adherent 
aaterial  is  always  of  the  same  general  nature  and  composition 
s  the  enclosing  normal  drift,  it  is  also  often  much  darker 
olored,  varying  from  the  usual  gray  tint  of  the  till  through 
lark  brown  to  nearly  black.  Furthermore,  the  color  is,  in  the 
hicker  segregations,  often  noticeably  darker  in  the  portions 
^ing  nearest  or  in  close  contact  with  the  shells.  The  blackness 
argely  disappears  on  calcination,  indicating  that  it  is  due  to 
arbonaceons  matter,  the  source  of  which,  it  appears  probable, 
aay  be  in  the  shell  itself.  This  is  one  fact  pointing  to  the 
onclnsion  that  the  shells,  which  are  now  white,  opaque,  more 
)T  less  chalky,  and  as  truly  fossilized  as  many  Tertiary  shells, 
p'ere  recent  in  the  fullest  sense  of  the  word  at  the  time  they 
eere  incorporated  with  the  drift  through  the  action  of  the 
ee-shcet ;  and  it  is  in  harmony  with  the  fact  that  as  yet  no 
ixtinct  species  have  been  found  in  the  drift. 

Although  the  lithified  matrix  adhering  to  a  small  proportion 
>i  the  drift  shells  must,  in  view  of  the  foregoing  observations, 
>e  regarded  as  of  postglacial  origin ;  and  the  shells  themselves 
re  probably  immediately  preglacial  inhabitants  of  Boston 
larbor ;  one  of  the  sections  has  afforded  shells  in  an  appar- 
jntly  preglacial  matrix.  While  searching  for  shells  on  the 
vest  end  of  Peddock's  Island,  we  found  a  rounded  and  dis- 
inctly  glaciated  fragment  of  a  highlv  fossiliferous  rock.  It  is 
L  gray,  seemingly  xinstratiiied,  argillaceous  and  distinctly  cal- 
lareons  mass,  6^^^  long  and  2''  in  greatest  diameter,  enclosing 
trains  and  more  or  less  angular  pebbles  up  to  an  inch  in  length 
^f  slate  and  other  rocks,  such  as  are  common  in  the  local  drift. 
!n  fact,  it  looks  exceedingly  like  a  lithiiied  portion  of  the 
Irift,  except  that  it  is  literally  crowded  witn  comminuted 
hells — the  shell  fragments  ranging  in  size  from  mere  specks 
o  nearly  an  inch  in  diameter.  When  first  found,  the  specimen 
ivas  completely  imbedded  in  the  solid  and  entirely  undisturbed 
fray  till,  one  end  projecting  slightly  from  the  side  of  a  rain- 
vashed  gully  about  15  feet  above  the  beach  and  25  feet  below 
he  top  of  the  cliff.  In  digging  it  out,  it  was  broken  in  two, 
ind  the  aspect  of  the  section  is  similar  to  that  of  the  surface. 
That  it  is  a  true  glacial  erratic  and  reached  the  position  where 
t  was  found  through  the  agency  of  the  ice-sheet  we  can  not 
loobt.  On  a  later  visit  to  the  section  in  company  with  Mr. 
r.  A,  Watson,  he  found  another  fiagment  of  nearly  the  same 
lize  and  shape  and  of  very  similar  character  save  that  the 
mclosed  pebbles  are  larger  and  the  shell  fragments  fewer. 


Both  s|)eoiTiiens  are  distinctly  glaciated,  showing  longitudiDal 
Bcratclics  over  almost  their  entire  aiirfaces. 

Concerning  the  origin  and  history  of  theee  specimens  two 
views  are  suggested :  (I)  Thoy  are  fragments  of  consolidated 
till,  the  prodnct  of  an  earlier  ice-slieet,  which  was  cemented  br 
the  segregation  of  carhonate  of  lime,  perhaps  locally  where 
the  enclosed  eliello  were  most  abnndant,  dnring  an  iutcrglacinl 
period,  (2)  They  represent  a  wholly  prcglacial  and  probahlr 
late  Tertiary  deposit,  an  nnerodcd  remnant  of  which  may  eren 
now  underlie  the  water  and  drift  dejKisita  of  Boeton  Harbor 
This  view  is  not,  apriori,  improbable,  when  we  consider  tliat 
CretaceouB  and  Tertiary  strata  fringe  the  southern  coast  of 
New  England,  appearing  again  in  Marshtield,  Mass.,  only 
twenty-five  miles  from  Boeton,  and  nndoubtedty  underlying  a 
part,  at  least,  of  Maesachiisetts  Bay.  ae  indicated  by  the  fm^- 
montfl  of  rook  carrying  characteristic  Eocene  fossils  found  by 
Upham  in  the  drift  of  Cape  Cod  and  described  by  the  senior 
writer.*  The  Peddock's  Island  fnigmeuta  include  both  Gas- 
teropoda and  Lamellibrauchs ;  but  owiae  to  the  fragmentary 
character  of  the  Blielta  and  the  firmness  oi  the  matrix  we  have 
been  unable  to  satisfactorily  identify  any  of  the  species.  We 
feel  no  hesitation,  however,  in  saying  that  the  general  aspect 
of  the  ahell  fragments  is  strikingly  similar  to  those  found  in 
>  the  till  and  that  tbey  quite  oertunly  embrace  Fttnwt,  Oytio- 
eardia,  Srrapfiariyi,  ffaticn  and  other  species  of  the  till.  Bnt 
thfcliiff  factti  t(;llin^' iigrtiust  tliL' Toi'tiary  n^jL-  uf  these  speci- 
mens are  the  comminution  of  the  shells  and  the  similarity  of 
the  calcarco-argillaceous  matrix  to  the  till,  and  especially  to  the 
cemented  or  concretionary  masses  of  till.  In  view  of  all  these 
considerations,  we  believe  that  these  fossiliferous  erratics, 
which  agree,  in  color,  with  the  gray  rather  than  the  bnflf  till, 
should  be  correlated  with  the  cemented  portions  of  tbc  till 
previously  described.  Among  the  various  forms  which  the 
cemented  till  assumes,  the  most  important  distinction  is  be- 
tween the  globular,  distinctly  concretionary  and  nneroded 
forms  and  tlie  worn  and  glaciated  forms,  the  two  specimens 
from  the  west  end  of  Peddock's  Island  belonging  to  the  sceond 
ehiss.  The  uiierodLnl  ghibuhir  forms  are  clearly  of  postglacial 
origin  and  may  bo  regarded  us  still  forming;  but  that  tlie 
eroded  forms,  including  the  glaciated  masses  form  Peddock's 
Island,  are  not  truly  prcglucial  is  indicated,  as  already  noted, 
by  the  commlnutio'ti  of  tlie  shells  and  the  decidedly  till-like 
cfiiiraeter  of  the  matrix.  The  only  alternative,  therefore,  is  to 
regard  them  as,  in  sonic  sense,  interglacial.  Wlien  the  ice- 
sheet  first  invadeii  this  arcii,  the  shells  on  the  bottom  of  Boston 
Harbor  were  rechici'd  to  fragments  and  became  a  part  of  the 

•Prw.  Uosloi.  Soc.  KaL  Hist.,  vol.  ii,  pp.  136-140. 
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ouDd  moraine  or  till.  Daring  a  recession  of  the  ice-sheet, 
e  till  was  locally  cemented  or  lithified  by  carbonate  of  lime 
rived  from  the  shells  through  the  solvent  actioD  of  meteoric 
iters,  the  still  undissolved  shells  thns  becoming,  in  some 
368,  completely  enclosed  in  a  iirm  matrix.  During  the 
!ond  advance  of  the  ice-sheet  the  shells  sufiPered  further 
mminntion,  and  the  cemented  or  lithified  portions  of  the 
1  were  more  or  less  broken  up  and  abraded  or  glaciated, 
le  arenaceous  character  of  the  till  must  favor  the  solution 
d  segregation  of  the  carbonate  of  lime  of  the  shells ;  and  it 
es  not  appear  probable  that  the  very  limited  amount  of 
hified  till  antedating  the  close  of  the  ice  age  of  which  we 
ve  evidence  required  for  its  formation  a  prolonged  recession 

the  ice-sheet,  or  a  period  amounting  to  a  true  interglacial 
och.     Our  studies  mav  be  regarded  as  lending  some  support 

the  duality  of  the  ice  age;  but  it  does  not  appear  that 
ring  the  vigorous  discussion  of  this  question  now  m  progress 
y  agreement  has  been  reached  as  to  how  extensive  or  pro- 
iged  the  recession  of  the  ice-sheet  must  be  to  constitute  an 
;erg]acial  epoch  in  any  given  latitude.  Important  and 
>eated  recessions  of  the  ice-sheet  are  conceded  by  all  gla- 
.lists,  and  the  glaciation  must  have  been  intermittent  in 
ver  latitudes  while  continuous  in  higher  latitudes.  Thus 
3  ice-cap  which  now  covers  a  large  part  of  Greenland  is 
abably  a  remnant  of  the  great  sheet  wuose  southern  margin 
18  a  few  thousands  of  years  ago  in  the  vicinity  of  New  York 
d  Cincinnati ;  and  the  age  in  which  we  live  may  eventually 
Dve  to  be  interglacial.  It  does  not  appear  to  us,  however. 
It  the  facts  presented  in  this  paper  indicate  more  than  a 
ief  or  temporary  recession  of  the  ice-sheet  from  Boston 
irbor;  and  certainly  we  have  no  evidence  that  preglacial 
editions  were  recistablished  here  or  that  any  of  the  shells 
w  found  in  the  till  date  from  an  interglacial  period. 
A  nearly  complete  series  of   the  drift  shells,  representing 

the  known  sections  except  the  wells,  and  including  the 
kciated  rock  fragments  from  the  west  end  of  Peddock's 
and,  has  been  added  to  the  collection  illustrating  the  geology 
the  Boston  Basin  in  the  Museum  of  the  Boston  Society  of 
ktural  History.  Mr.  W.  H.  Dall  of  the  U.  S.  Geological 
rvey,  and  Professor  A.  E.  Verrill,  of  New  Haven,  have 
idly  identified  some  of  the  more  doubtful  species ;  but  we 
j1  that  the  drift  fauna  of  the  Boston  Basin  is  still  very 
jomplete,  and  especially  that  we  have  missed  several  species 

account  of  the  hopelessly  fragmentary  and  abraded  char- 
er  of  the  material.  In  the  collection  of  the  shells  we  have 
jeived  important  assistance  from  Mr.  T.  A.  Watson,  and 
m  Mr.  H.  D.  Card,  Mr.  G.  W.  Stose,  Miss  Elvira  Wood, 
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and  Miss  E.  F,  Fi§her,  Btndcnts  in  Hie  Geological  Departmoai 
of  the  Massiici  III  setts  Institute  of  Tecbnology.  We  also  taka 
pleasure  in  acknowledging  our  great  obligation  to  Mr.  W.  W. 
Hcriuan  for  freely  placing  liie  extenaive  collection  at  our  die- 
posal.  To  his  zeal  as  a  coltector  we  own  not  only  a  goodlr 
number  of  the  new  species  recorded  in  tiii»  paper;  bnt  manj 
other  species  in  iiis  collection  are  new  for  the  localities  in 
which  he  found  them. 


Art.  LXVI. — An  Improved  Form  <(f  Interrupl«r  for  Largi 
Induction  Coua ;    by  F.  L.  O.  Wadswdrth. 

Eteby  one  who  Lite  had  occasion  to  use  a  large  induction 
coil  knows  the  difficulty  of  keeping  the  contact  breaker  in 
good  working  order.  Of  the  two  forma  of  interrupter  in 
common  uae,  i.  c,  the  »pring  contact  form  and  the  well  known 
Foucaiilt  form,  the  latter  is  bei«t  suited  for  large  coils,  becaa^ 
the  "break"  may  \>g  made  to  take  place  under  water  or 
alcohol  and  the  rapid  oxidation  of  the  contact  surfaces  is 
therehy  mnch  reduced.  Even  under  the  best  conditions,  how- 
ever, It  i«  difiioHlt  to  secui-e  uniformity  of  woricing  formj 
length  of  time,  and  this,  togotlior  with  the  necessity  for  fr^' 
(juorit  cU'aniiig  of  the  ]j:irtiJ  :iiii!  rcuewat  i.f  the  alwhol  and 
mercury,  renders  the  apparatus  anything  but  satisfactory, 
when  continued  nse  with  heavy  eun-ents  is  desired. 

In  the  last  number  of  this  Journal  Mr.  St.  John*  describee 
a  form  of  mercury  contact  interrupter  similar  to  the  ordinary 
Foucault  form,  except  that  the  plungers  are  positively  driven 
by  means  of  cranks  geared  to  a  small  electric  motor,  instead 
of  by  the  more  uncertain  action  of  an  electro  magnet.  This 
undoubtedly  will  give  more  positive  and  uniform  results  than 
are  obtained  either  with  the  Foucault  form  or  the  ordinary 
spring  contact  form,  but  it  seems  to  me  to  be  considerably 
more  com  plicated  than  need  be  for  the  purpose, 

I  am  ciinvinccHl  from  my  own  experience  that  mercury  con- 
tacts are  nnsLitisfaetory  if  the  best  results  are  to  be  obtained 
with  targe  induction  coils.  The  electromotive  force  induced 
in  tiie  secondary  circuit  depends  on  the  sharpness  of  the 
break  in  the  primary,  and  this  is  lengthened  considerably  by 
the  oscillation  of  the  mercury  surface  and  the  formation,  (on 
account  of  the  low  boiling  point  of  the  liquid),  when  tlie 
break  occurs,  of  a  considerable  amount  of  conducting  vapor. 
□  TrOQ  Wires.     This  Joiiraal,  vol.  iWiiE,  p.  Sl«, 
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For  these  last  reasons,  and  also  on  account  of  the  rapid  oxi- 
dation of  the  surface,  even  when  covered  with  alcohol,  such 
contacts  are  entirely  unsuitable  when  exact  equality  of  the 
successive  discharge  intervals  is  of  importance.  Another 
objection  to  this  form  of  interrupter,  which  becomes  a  serious 
one  when  work  requiring  concentrated  attention  on  the  part 
of  the  observer  is  under  way,  is  the  noisiness  of  its  operation. 

About  four  years  ago  I  designed  a  form  of  interrupter  for 
Prof.  Michelson,  which  has  been  used  ever  since  for  the  large 
induction  coil  employed  to  excite  the  Geissler  tubes  containing 
the  vapor  of  the  substance  whose  radiations  are  to  be  examined 
by  means  of  the  wave  comparer.*  The  conditions  which  the 
interrupter  is  here  required  to  fulfill  are  unusually  severe.  In 
the  first  place  the  action  should  be  as  noiseless  as  possible,  in 
order  to  avoid  distracting  the  attention  of  the  observer.  It 
must  be  constructed  so  tnat  it  will  run  constantly,  often  for 
some  hours,  without  any  attention  or  readjustment,  even  when 
the  current  in  the  primary  is  varied  from  zero  to  its  maximum 
value  (15  to  20  amperes),  and  finally  in  order  to  secure  a  per- 
fectly steady  source  of  light,  the  successive  discharges  should 
be  as  regular  as  posisible,  both  as  regards  intensity  and  dura- 
tion. For  certain  portions  of  the  work  it  was  also  essential 
that  the  spark  interval  should  be  very  uniform  and  considerably 
less  than  is  usually  obtained  with  a  spring  interrupter  whose 
amplitude  of  swing  is  sufficient  to  enable  it  to  be  used  with 
currents  of  any  magnitude.  It  was  also  desirable  that  the 
number  of  breaks  per  second  might  be  varied  within  considerable 
limits  without  interfering  witli  the  action  of  the  interrupter, 
and  that  the  observer  might  be  able  to  readily  start  or  stop  the 
latter  without  leaving  his  seat. 

As  all  of  these  requirements  have  been  satisfactorily  met  in 
the  interrupter  above  referred  to,  and  as  it  is,  moreover,  of 
very  simple  and  inexpensive  construction,  it  was  thought  that 
a  brief  description  of  it  might  be  of  interest  to  the  spectro- 
scopists  and  otuers  who  have  had  to  use  large  coils  for  similar 
purposes. 

It  consists  simply  of  a  brass  wheel  about  6"  in  diameter,  with 
two  insulating  and  two  contact  segments  symmetrically  placed 
in  its  circumference,  and  mounted  directly  on  the  shaft  of  a 
small  electric  motor  making  about  1200  revolutions  per  minute. 
Two  copper  brushes  are  arranged  to  bear,  one  on  the  hub  of  the 
wheel,  the  other  on  its  circumference.  A  plan  view  of  the 
arrangement,  showing  also  the  electric  connections  with  the 
coil,  IS  shown  in  fig.  I,  where  M  is  the  motor  (for  an  inter- 
rupter of  this  size  a  ^^  to  ^^  H.  P.  motor  is  quite  sufficient), 

♦See  paper,  Application  of  Interference  Methods  to  Spectroscopic  Measure- 
ments.   II.     A.  A.  Michelson.     PhiL  Magazine,  vol.  xxxiv,  p.  280,  Sept.,  1892. 
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m,  tlie  rovolving  wlieel ;  />b,  the  two  contact  briialies 

denser ;    R,  a  rheostat  lo 
primary  cnrrent ;  and  r, 


tenuinalg  of   the  primarv  coil ;   t(,  the  terminals  of  the  con- 

""  'or  controlling   the  strength   of   the 

for  controlling  the  speed  of  the 


motor,  which  is  snppliod  with  current  from  the  same  batteries 
that  feed  the  primary  ciroait.  The  current  tlirongh  the 
primary  is  broken  each  time  one  of  the  insulating  segmentE 
on  the  circumference  of  the  wheel  passes  under  the  contact 
brush  6/  the  principle  of  its  operation  is  therefore  tite  same 
as  that  of  the  old  toothed  wheel  interrupter.  No  novelty, 
therefore,  can  be  claimed  for  it,  except  as  regards  the  method 
of  construction  of  the  rotating  wheel,  but  upon  this  depends 
almost  entirely  its  successful  operation,  under  the  severe  con- 
ditions of  usage.  In  order  that  the  action  may  be  quiet, 
smooth  and  regular,  it  is  of  course  necessary  that  the  surfaces 
upon  which  the  contact  brnshes  slide,  particularly  the  outer 
one,  should  be  continuous,  as  regards  outline :  (i.  e.,  not  broken 
into  teeth,  as  in  the  toothed  wheel  interrupter),  and  that  they 
should  be  true  at  first,  and  remain  so.  The  principal  difficulty 
which  had  to  be  overcome  was  that  of  a  rapid  burning  away 
of  the  material  of  which  the  insulating  segments  were  made. 
It  is  unnecessary  to  record  here  in  detail  the  various  methods 
and  materials  which  were  at  tlrst  employed  in  the  attempt  to 
secure  a  construction  which  would  satisfactorily  resist,  without 
injury  to  itself,  the  heavy  sparks  of  the  "break."  Hard 
ruober,  vulcanite,  vulcanized  tibre,  and  even  mica  in  its  ordi- 
nary form  rapidly  burned  or  wore  away.  Finally  cut  slate 
segments  were  tried  and   have  proved  completely  successful-* 

*Poreelaiu  sepments  would,  pcrliap?,  be  even  teller,  bul  theeipenseof  malin? 
iheiii  (on  acooiiut  uf  the  expeose  of  making  tfae  oecesaary  motilda,  ele.)  pro- 
hibited tlieir  1190.  Tha  slate  ia  a  veiy  aatiafactorf  substitute  and  as  tt  is  taiif 
worked  Uie  cost  is  coiuparativelj  trintng 
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>  facilitate  pntting  these  segments  in  place  and  replacing 
1  if  accidentally  broken,  the  construction  shown  in  fig.  2 
adopted. 


le  huh,  web,  and  flanged  felloe  of  the  braes  wheel  is  cast 
le  piece  and  turned  up  true  all  over,  bo  as  to  be  perfectly 
iced,  even  at  high  speeds.     The  insnlatinQ;  segments,  ««', 

about  50°  in  length,  are  cut  bo  as  to  lit  the  curve  of  the 
7  face  and  are  beveled  off  at  each  end  as  sliown.  They 
eld  in  place  by  two  brass  or  copper  segments  of  the  same 
:neBs  and  each  130°  long,*  which  are  screwed  down  to  the 
of  the  wheel  A  A.  A  piece  of  sheet  platinum,  d,  abont 
;hick  (giving  a  beveled  edge  about  1""°  wide)  is  placed 
een  the  elate  and  the  brase  at  the  side  on  which  the 
ak  "  occurs. 

hen  the  surface  is  first  bniJt  up  in  this  manner,  and  after- 
B,  whenever  a  new  segment  is  put  in  place  (which  is 
isary  only  in  case  of  an  accident),  the  wheel  is  placed  in 
athe  aud  the  outer  surface  ground  perfectly  true  with  a 
I  revolving  emery  wheel  or  block  of  stick  emery  held  in 
ool  poet, 
ith  a  wheel  of  the  construction  Just  described,  the  wear, 

with  the  heaviest  cnrrents,  is  inappreciable,  on  cither  the 
or  the  elate  segments,  it  being  confined  almost  entirely 
le  outer  brush.  By  making  this  of  spring  copper  and 
nting  it  ae  shown  in  fig.  2,  at  a  small  angle  to  the  eurface, 
at  it  springs  into  contact  with  the  latter  as  it  bnrns  away,. 
ttention  ie  required  until  the  brush  is  used  up,  when  it  is 
the  work  of   a  moment  to  replace  it  by  a  new  one;   a 

le  obiect  of  this  relatively  (greater  leogth  of  coutnct  inUrval  is  to  allow 
evsQ  at  the  hig:h»et  speeds,  for  the  current  to  rise  to  itti  full  value  Id  tha 
ry  dmiit  before  tlie  latter  is  broken. 

.  JotTtt.  Sci.— Thied  Suhibs,  Vol.  XLTIII,  No.  288.— Deo.,  1B34. 
32 


I 


stock  of  them  being  kept  constantly  on  hand.  With  a  tattifl 
current  (as  indicat^  by  ft  direct  reading  Weetou  aiutneter 
(W,  fig.  1}  placed  in  the  primary  circuit)  of  5  to  fi  amperes, 
n  bnisti  usually  laata  four  or  five  or  soiiiutimfis  ten  houra  with- 
out beiDg  replaced.  No  other  nttention  is  required  except  to 
oil  the  hearings  of  the  motor  occasionally. 

The  only  noise  is  that  called  by  the  whirr  of  the  revolving 

Surts  iiiid  the  snap  of  tlie  spark,  and  this  i»  almost  coinpleleiy 
eadened  by  supporting  the  motor  on  rubber  blocks  and  endoi- 
ing  the  whole  arrangement  in  a  small  wooden  box  (indicated 
by  the  dotted  lines  in  tig.  1). 

The  circumferential  speed  is  so  high,  nearly  two  thonsand 
feet  per  sec.  that  the  break  ie  extremely  rapid  and  sharp.  In 
the  tiret  mstrnmcnt  coustrncted  the  axis  was  vertical  ami  tlie 
wbi^el  wu«  made  to  revolve  under  alcohol,  but  a  short  lri»l 
showed  that  thiiii  precaution  was  uunecje^sury. 

if  very  heavy  currents  (15  or  20  amperes  or  higher)  vera 
continually  used  it  would  probably  be  found  advantageous  lo 

filace  tile  eontact-brcHking  brush  between  the  poles  of  a  powtsr- 
ul  electromagnet  (excited  hj  the  motor  circnil).  This  w<»nliJ 
blow  out  the  ore  formed  on  breaking  (he 
circuit  luid  thus  greatly  diminish  tbe 
rate  of  burning  away  of  tbu  brush  (see 
fig.  8).    For  ordinary  work  howerer 

neither  this  nor  the  nee  "f  a  ooiuk-iifer 

)     i\~         Fig  3    is  necessary  altiionyh  I  havii  .-ih.iwii  the 
I  :  I  ;l  latter  connected   to  the  interrupter  in 

*~^  tig.  1. 

An  alternating  current  dynamo  properly  wonnd  is  in  nianv 
respects  the  most  desirable  means  of  exciting  large  coils,  hut 
on  account  of  the  expense  of  the  dynamo  itself  and  the  cost  of 
running  it  it  is  not  often  available.  Even  when  it  is  there  is 
one  respect  in  which  the  action  is  inferior  to  that  of  an  inter- 
mpter,  viz :  in  the  rapidity  of  the  fall  of  electromotive  force 
in  the  primary  circnit.  In  this  respect  as  well  as  in  that  of 
simplicity  and  cheapness  the  rotating  wheel  interrupter  is 
superior  to  both  the  dynamo,  and  to  all  other  forms  of  inter- 
rupters, and  I  do  not  think  that  any  one  who  once  gives  it  a 
fair  trial  wit!  ever  again  use  either  a  spring  or  mercury  "  break,'' 
for  any  but  the  very  lightest  work. 

Adaendiim. — When  this  form  of  interrupter  was  first  used 
it  was  noted  that  the  spectrum  of  the  spark  at  tbe  "  break" 
was  very  brilliant  and  pure  and  the  possibility  of  using  this 
spark  as  a  source  of  radiatiuu  instead  of  an  electric  are,  sug- 
gested  itself  although  not  in  any  very  definite  form.      This 


n-itli  cbe  tpoed  uBUHlly  adgpted,  about  \y 
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method  has  recently  been  developed  by  Prof.  Michelson  who 
in  order  to  obtain  spectra  of  difficultly  volatile  metals  in  vacuo, 
adopts  the  ingenious  expedient  of  rotating  the  interrupter 
wheel  in  a  Torricellian  vacuum  by  means  of  a  long  shaft  pass- 
ing up  through  the  mercury  column.*  A  somewhat  similar 
method  has  also  been  quite  independently  used  for  obtaining 
spectra  of  different  metals  in  air  by  Messrs.  Crew  &  Tatnall.f 

It  would  seem  to  be  a  particularly  promising  one  for  the 
investigation  of  the  infra  red  lines  of  the  metals  and  alkali 
earths. 

UDiTeraity  of  Chicago,  October,  1894. 


Art.  LXVn. — Post- Glacial  Faults  at  St.  John,  N.  B.; 
By  G.  F.  Matthew,  D.Sc,  F.E.S.C.    (With  Plate  XI.) 

Nowhere,  so  far  as  the  writer  is  aware,  has  there  been  put 
on  record  any  account  of  disturbances  in  post-glacial  times,  of 
the  rocks  along  the  lines  of  faulting,  in  this  North-eastern 
part  of  America.  There  are  numerous  places  in  all  parts  of 
this  region  where  the  removal  of  drift  deposits  allows  of  the 
inspection  of  the  glaciated  surfaces  of  the  rocks,  and  had  such 
faults  been  common  it  would  seem  highly  probable  that  their 
presence  would  long  ere  this  have  been  noticed.  This  tliought 
induces  the  writer  to  give  a  brief  sketch  of  the  numerous  small 
displacements,  produced  since  the  glacial  period  that  have  been 
observed  in  the  rocks  in  and  near  St.  John,  N.  B.,  Canada. 

Numerous  proofs  of  post-glacial  disturbances  of  the  earth's 
cruet  are  visible  in  the  slate  rocks  which  form  a  large  part  of 
the  rocky  foundation  on  which  St.  John  is  built.  These  are 
true  poet-glacial  favlte.  They  are  well  shown  along  the  hill- 
side south  of  "  The  Valley  "  in  that  city.  This  valley  is  an 
east  to  west  depression  in  the  northern  section  of  the  thickly 
inhabited  part  of  the  town. 

The  rocks  along  the  southern  slope  of  this  valley  consist  of 
the  fine,  dark-colored  shales  or  slates  of  the  Bretonian  or  Upper 
Division  of  the  St.  John  Group;  which  by  their  fine  grain  and 
uniform  texture,  are  well  adapted  to  preserve  the  sharp  grooves 
and  strisB  impressed  upon  them  in  glacial  times,  by  the  moving 
ice. 

The  faults  visible  along  this  hillside  belong  chiefly  to  a  sys- 
tem having  approximately  aN.E.  to  S.W.  course,  and  a  hade  of 

*  Univ.  of  Chicago,  1893-4.    Results  not  yet  published. 
\  Phil.  Magazine,  vol.  xxzTiii,  p.  379,  October,  1894. 


from  60"  to  80°  to  the  S.E.  Bot  these  faults  are  travereed  by 
diagonal  ones,  some  with  a  coiirse  appruxiniately  N.  to  S.  aod 
others  E.  to  W.  The  priocipal  inoveiiient  of  faultiiii;  iu  post- 
glacial times  has  been  along  the  fault  planes  that  have  a  N.E. 
to  S.W.  course. 

The  place  where  these  faults  were  first  observed  was  on  the 
side  of  City  Road,  north  of  the  City  Hospital.  Uere  a  gl»- 
oiatiid  surface  of  elate  about  twelve  feet  wide  has  been  expoeed 
bv  the  removal  of  the  surface  soil.  There  are  nine  faults 
visible  here  hiivirj^  a  course  nearly  parallel  to  tiiat  of  the  street 
and  »  hade  to  the  S.E.  They  vary  in  downthrow  from  one 
quarter  of  an  inch  to  four  inches,  the  downthrow  being  in  all 
cafes  on  the  north  aidf. 

Beside  these  faults  of  the  northeast  and  southwest  system, 
two  faults  diagonal  to  these  were  eeen,  these  have  a  course 
approximately  N.E.  to  S.W.  and  the  downthrow  in  both  eases, 
tliougb  small,  is  on  the  north  aide. 

On  the  steep  hillside  east  of  the  end  of  Charles  Street,  ninner- 
ona  small  faults  of  the  N.  E.-S.W.  system  were  seen.     In  sll 
these  the  downthrows  were  ou  tlie  north  »idf..     Here  the  diag-    ' 
onal  faults  are  of  more  importHncfl  as  regards  the  downthrow    I 
that  at  the  exposure  on  City  Road;  the  hade  of  these  faults 
is  also  less,  being  about  50°;  tlie  course  of  these  is  different    j 
\   from  that  of  the  diagonal  faults  ftt  Oit;  lioad  being  approxi- 
mately  E.-W,     The  downthrows  here  are  on  the  north  mdtoi     ■ 
the  diagonal  ftiiilts  and  "ii   IIil-    nnrth  sldr  of  the  faults  that 
have  (approximately)  a  northeast  to  nouthwest  course. 

The  best  display  of  the  S.E-N.W.  post-glacial  faults  that  has 
been  observed  is  that  on  Roefc  street  behind  FowlerV  Mill 
where  a  space  of  about  one  hundred  and  seventy  feet  of  slate 
Jedges  has  been  kid  Iiare.  In  tiiis  space  sixty-one  faults  were 
observed  which  had  been  attended  with  displacement  of  the 
measures  since  their  glaciation.  In  all  of  these  faults,  with  one 
exception  the  i/owni/irow  v:a/<  im  the  north  side,  and  the  hade  of 
the  faults  was  to  the  southwest.  The  sum  of  the  displacement 
at  these  faults  was  five  feet  eight  inches ;  the  average  throw 
for  each  fault  being  thus  t^dincwliat  over  one  inch. 

In  Olio  case  only,  a  fiiult  of  half  an  inch  had  a  downthrow  on 
the  nouth  ifiiJ''.  The  diaijonal  faults  which  are  not  very  con- 
spicuous at  this  place,  were  imt  measured. 

The  liLMvicst  thniw  seen  at  this  place  was  five  inches  and 
very  often  an  individual  f:tult  when  traced  along  its  conrse  was 
foinid  to  vary  in  tiie  aiimtint  of  displacement.  This  Wiis  espe- 
cially the  case  wiien  the  fault  waii  complicated  with  a  diagonal 
displacement,  so  that  wedges  of  the  slate  would  be  raised  above 
the  general  contour,  or  dej>ressed  below  it;  and  occasionally" 
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bic  block  coald  be  observed,  lifted  above  the  Burrounding 

almost  every  place  in  the  city  and  east  and  west  of  it, 
)  the  glaciated  ledges  of  the  slates  of  the  St.  John  Group 
be  observed,  some  displacement  was  seen,  thongli  often 
dight.  At  the  X.E.  comer  of  the  Church  of  England 
ng-ground,  east  of  the  city,  there  is  a  ledge  which  shows 
lignt  faults  (^  inch  each)  with  a  downthrow  on  the  souths 
ard  of  Courtney  Bay,  at  its  head,  the  slates  at  the  shore  and 
e  road,  have  about  a  dozen  faults  with  throws  varying 
one  half  an  inch  to  an  inch ;  these  in  almost  all  cases 
the  downthrow  on  the  north  side. 

fuller  account  of  these  faults  will  be  given  in  the  next 
tin  of  the  Natural  History  Society  of  New  Brunswick, 
jome  conjectures  as  to  the  causes  which  have  produced 

>hn,  N.  B.f  Canada,  NoTember  1,  1894. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

'Jn  the  new  Iodine  Bases. — Several  additional  salts  of  the 
ddonium  bases,  discovered  by  V.  Meyer  and  IIartmann,* 
leen  described  by  these  chemists.  The  nitrate  (C.HJ,L  NO,, 
ed  by  neutralizing  a  concentrated  solution  of  the  Tree  base 
trong  nitric  acid,  appears  as  a  white  crystalline  precipitate, 
Y  soluble  in  hot  water,  from  which  it  separates  on  cooling 
kll  plates  or  spear-like  crystals.  It  fuses  at  163^-154°,  to  a 
liquid  which  soon  begins  to  decompose  and  evolve  gas; 
ling  if  the  quantity  is  considerable.  The  acid  sulphate  is 
sed  by  adding  sulphuric  acid  in  slight  excess  to  a  strong 
)n  of  the  free  base,  and  evaporating.  The  crystalline  mass 
olved  in  alcohol  and  on  adding  ether,  the  salt  separates  in 
?ss  crystals  reacting   acid    to    litmus.     The  acetate  is  ob- 

by  agitating  iodobenzene  with  caustic  soda  and  adding 
acid.  On  filtering  the  warm  solution,  it  deposits  on  cool- 
ystals  of  the  acetate,  which  melt  at  120^  One  of  the  most 
sting  salts  is  the  j)eriodide,  obtained  by  mixing  the  iodide 

base  with  an  alcoholic  solution  of  iodine  and  triturating, 
ination  at  once  takes  place  producing  a  brownish  red  pre- 
e,  which  yields,  on  crystallization  from  alcohol,  dark  red 
as  crystals  having  the  composition  (C,I1  J,I.  I.  I,  and  fusing 
.°  The  sulphides  are  remarkably  similar  in  a]>pearance  to 
Iphides  of  lead,  thallium  and  antimony.     On  mixing  a  solu- 

♦  This  Journal,  III,  xlvii,  399,  May,  1894. 


tion  o(  the  fr^e  bam)  with  smTDoninm  nnlphiiic,  k  hrif^ht  orvnge-red 
preci))ilate  is  tlirown  down,  v<Ty  nimilur  to  untimuny  Mnl[>hiil«, 
And  Ntable  at  0."  At  the  ordinary  ti>nipifr»tnr«,  bowi-vur,  it  sooo 
bfglnii  t»  ilecoiii))OBe,  evuWiOff  whilu  cloudtt  of  vapor  and  yieliline 
•  mobile  oil,  AnalyHU  shows  it  to  be  th«  Irisulpbide  (t-',H,),r 
B.8. 8. 1(C,H,)  ,  itB  decomposition  prodaold  beinf;  iodobuntene 
Kiid  jiWiyl-trUulpliide.  The  noriual  Bulphide  (C,H^),  I.  S.  I 
(C  (I,),  In  prt'dpltaied  from  aolutione  of  the  base  by  audium  na!- 

fhidi',  BH  a  bri{j[ht  j^ellow  precipitate,  dFcom|>oiiiuf{  nt  ordioftry 
i^mtwrnturcB  into  iiidobfiiKciie  and  plienyl-Nulphule.  Si'ventt 
doanlc  uhliridrn,  formed  with  thti  ohloridvH  of  mi-ruury,  gold  and 
ptatiiiiim  arc  also  d««(3rihHi.  Tbw  frcn  lnwc  in  rvducts]  by  sodinm 
amalK^m,  one  molcculi'  dccompowng  into  bcnxi'tic,  wjiU-r  and  hy- 
di-oRcn  iodide,  the  latter  «ub»tiitiOD  pn-npiiAtin|T  »  »cvond  molo- 
cnlfr  of  tho  base  a«  insoliil)l«  iodide.  Th»  tolution  of  the  free  base 
precipitatea  aolntions  oi  the  "alts  of  th«  heavy  meltilfl  exactly  at 
ammonia  and  the  lixod  alkali  hydroxides  do.  The  physiological 
aoiion  of  tho  chloride  has  been  studied  by  Gottlieb.  Ii  i«  fcnnd 
to  be  very  polaonouB,  its  mode  of  action  combining  the  cbaiac 
teriMtica  holU  of  Uio  Halts  of  lead  and  thallium  witb  tbivwof  am- 
tnftnia  and  the  ammoiiinra  baai-s. — Ber.  Jttrt.  Ch«m.  Gtn.,  xxvii. 
IADS,  July,  1804.  li.  r.  n. 

2.  On  an  Aimmah/  in  the  I>en»iti/  of  Xitraffm.^n  a  pnjicr 
to  tht'  Uoynl  FSociuty,  ItATi.uinti  han  nailed  att»ntioo  to  an  anom- 
Itly  which  ho  hu  cncvuntBrod  in  his  attnii|its  to  d«t«nniB«  tlift 
4oD«llv  of  niirogiii  i>n;par«d  by  diffinvnt  iDftHoda.  He  bai 
■Irrn.rv  est.ll'lisli.-.l    the   fiK't  tlinl   this   .-ns.  iir-.-pj"-,!   bv  L<ii>tnn'* 


hot  tube  eiiiiliiinini:  copper,  is 
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nass  of  the  gas  contained  in  the  globe  used  was  2*30143,  2*29890, 
2*29816,2*30182;  the  mean  being  2*30008.  Two  experiments  on 
litrogen  prepared  by  reducing  N,0  by  iron,  gave  2*29869, 
S'29940;  the  mean  being  2*29904.  Two  experiments  on  nitrogen 
rom  ammonium  nitrate,  passed  over  hot  iron,  gave  2*29849, 
$•29889;  the  mean  being  2*29869.  If  now,  we  compare  with 
.hese  numbers,  the  values  obtained  from  nitrogen  prepared  from 
;be  atmosphere,  we  find  that  in  four  experiments,  the  mass  of  the 
r^A  in  the  globe  was  2*31017,  2*30986,  2*31003,  2*31007 ;  the  mean 
)eing  2*31003.  Moreover,  on  removing  the  oxygen  by  placing 
iir  in  a  vessel  containing  a  mixture  of  slaked  lime  and  ferrous 
lulphate,  the  nitrogen  gave  the  values  2*31024,  2*31010,  2*31028; 
nean  2*3 1020.  Thus  the  result  obtained  from  air  in  1892  with 
lot  copper  2*31026,  that  of  1893  by  hot  iron  2*31003,  and  that  of 
1894  by  ferrous  sulphate  2*31020  agree  well  together.  It  would, 
herefore,  seem  that  the  nitrogen  prepared  by  the  four  chemical 
nethods  given  is  materially  lighter  than  the  nitrogen  prepared 
'rem  atmospheric  air,  the  difference  amounting  to  about  11  milli- 
mms  on  the  mass  contained  in  the  globe,  or  about  one  two-hun- 
iredth  part  of  the  whole.  Moreover  the  lighter  nitrogen  did  not 
>ecome  denser  by  standing  for  eight  months.  It  was  this  anom- 
ily  in  density  that  suggested  to  liayleigh  and  Ramsay  the  pos- 
ible  presence  in  the  air  of  some  new  constituent.*— P/*oc.  Roy. 
Soc.,  April,  1894  ;  Nature^  1,  157,  June,  1894.  G.  f.  b. 

3.  On  Carbon  Boride. — It  has  been  shown  by  Moissan  that 
vhen  the  electric  arc  is  allowed  to  pass  between  two  carbon  elec- 
rodes  agglomerated  by  means  of  a  solution  of  boric  acid  and 
aluminum  silicate,  or  when  boron  itself  is  placed  in  the  electric 
irc,  the  carbon  and  boron  unite  to  form  carbon  boride.  It  may 
)e  obtained  in  larger  quantity  by  heating  a  mixture  of  60  parts 
>f  amorphous  boron  and  12  parts  of  carbon  made  from  sugar,  in 
\Xi  electric  furnace  for  six  or  seven  minutes,  by  means  of  a  cur- 
ent  of  200-300  amperes  and  70  volts.  A  black  grapbitoidal 
nass  is  obtained  having  a  brilliant  fracture.  By  treating  this, 
irst  with  fuming  nitric  acid  and  then  with  a  mixture  of  nitric  acid 
md  potassium  chlorate,  the  product  is  obtained  in  the  form  of  a 
Tystalline  powder.  Carbon  boride  may  also  be  prepared  by  add- 
ng  boron  and  carbon  irt  excess  to  iron,  and  heating  the  whole  in 
he  electric  furnace.  Better  results  are  obtained  however  by 
ising  copper  or  silver  instead  of  iron ;  the  crystals  being  better 
lefincd  with  the  latter  metal.  Prepared  in  any  of  these  ways 
arbon  boride  has  the  composition  CB^  and  forms  brilliant  black 
Tystals  of  sp.  gr.  2*51.  Chlorine  attacks  it  below  1000°,  but  it 
3  not  affected  by  bromine,  iodine  or  sulphur,  at  the  softening 
»oint  of  glass,  or  by  phosphorus  or  nitrogen  at  1200°.  l>oiling 
kcids  do  not  act  on  it,  nor  do  chromic  acid,  fuming  nitric  acid  or 
ioncentrated  iodic  acid  when  heated  with  it  in  a  sealed  tube  to 
58°.  At  500°  no  carbon  dioxide  is  formed  when  the  boride  is 
leated  in  oxygen ;  but  at  1000°  it  burns  slowly  and  with  more 

♦  This  Journal,  III,  xlviii,  345,  October,  1894. 


ilillicnlty  tlian  the  diamond.  At  &  dull  red  heat  potaMiani 
hydroxide  attacks  it,  as  also  does  a  mixture  otHodiuta  and  poiai- 
sinm  carbonates.  Tliougb  friable,  carbon  boride  ia  bard  and  OM 
be  uHcd  to  polish  even  the  diamond,  prodaciiig  diatinct  faivta.— 
6*.  Jt.,  oxviii,  566,  1894.  «.  F.  B. 

4.  0»  the  VarhiiltK  of  f'ult-ium,  Jtariiim  and  Strotilium.—Bj 
placing  a  mi.Yturu  of  120  grains  caloium  oxide  and  TO  grama  oar> 
bou  in  the  cnicibk-  at  the  etecirio  Turnace  ami  italijeoiing  il  to  tht 
action  oC  a  cnrrent  of  350  amperes  and  70  volts  lor  IS  or  30  rnin- 
ntes,  MoissAs  has  obtained  calcium  carbide,  the  yield  being  from 
ISO  to  ISO  grams.  It  has  th«  composition  CaC,  nnd  appeaTti  as  i 
homogeneous  black  mass,  distinctly  cryeialline  and  readily  clear- 
able.  The  crystals  are  brilliant  but  opako  and  have  a  ep.  gr.  of 
2-22.  They  are  insoluble  in  all  ordinary  reagenis,  are  not  altered 
when  heated  in  hydrogen  or  nitrogen  at  1200°,  or  with  silicon 
or  boron  at  a  bright  red  heal;  neither  sodium  nor  magnesium 
attacks  it  at  the  melting  point  of  gtas^,  nor  does  tin  at  a  red  heat 
or  irou  at  a  dull  red :  but  at  a  higher  temperature,  an  allt^y  of 
iron  and  calcium  is  formird  wliitrh  contains  carbon.  Dry  chloriH 
does  not  attack  it  in  the  cold  bat  at  245°  it  bcoomoa  iiicandesceol 
and  yields  calcium  and  carbon  cldoridtrs.  Bromine  acts  fiimilarlT 
at  350°  and  iodine  at  S06°.  It  burns  in  oxygen  at  a  dull  rM 
heat,  and  in  sulphur  vapor  at  SUO".  It  rapidly  decomposes  water, 
developing  heat  and  evolving  almost  pure  acetylene.  Fnsed 
ehromiotnoxide  oxidises caioium  carbide,  evolving  carbon  dioiidt. 
Heated  with  absolute  alcohol  to  I  B0°  in  sealed  lubes  it  yieldt 
acetylene  and  calcium  ellioxidr. 

Bi'iriiiiu  curbideis  obtuint-d  by  a  similar  reaction  as  a  fused 
black  brittle  masx  composed  of  large  lamellar  crystals,  having  i 
sp.  gr.  of  3'T6  and  a  fusing  point  lower  than  the  other  carbides  of 
this  group.  Strontium  carbide  has  a  lustrous  crystalline  fracture 
and  asp.  gr.  of  3-10.  Both  these  carbides  are  decomposed  hy 
water,  yielding  the  hydroxides  and  pure  acetylene.  Heated  suffi- 
ciently in  ibe  gaseous  liydracide,  the  carbide  becomes  incandes- 
cent. t\Sr  becomes  incandescent  in  dry  chlorine  at  167  and 
C,Ba  at  140"— C.  R.,  cxviii,  501,683,  lei04.  G.  F.  B. 

5.  O'l  the  Size  of  thf,  molecule  of  Mereuroua  chloride. — The 
earlier  determinations  of  vapor  density  in  the  case  of  mercurmi* 
chloride  gave  numbers  agreeing  with  the  formula  IlgCI.  Hut 
since  Odiing  showed  that  gold  leaf  inimerced  in  the  vapor  became 
amalgamated,  disnociaiion  was  inferred.  V.  JIeykr  and  Harhts 
now  show  that  the  gold  leaf  is  instantly  amalgamated  in  ih« 
vapor  of  merciirous  chloride,  but  that  il  becomes  pure  gold  again 
if  allowed  to  remain  in  the  vapor.  Moreover  by  Jleyer's  method, 
the  authors  hiivc  determined  the  vapor  density  at  the  temperature 
of  boiling  suljihur  (■148'')  and  phosphorus  pentasulpliide  (31!^°) 
anil  find  their  results  to  agree  with  the  earlv  ones  in  correspond- 
ing lo  the  rnrciiuhi  llgfl.  A  second  series  o'f  experiments  wiih  » 
mijdnic  (if  free  nuTcury  and  mercuric  chloride  gave  almost  i<ief 
tical  results.     The  bulb  of  the  density  apparatus  was  then  made 
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of  poroas  earthenware.  A  large  amount  of  mercury  vapor  dif- 
fused through  it  when  mercurous  chloride  was  volatilized  in  it 
and  was  condensed'  on  the  surrounding  glass  vessel.  Further 
when  calomel  is  volatilized  in  a  retort  connected  with  a  Sprengel 
pump,  by  which  the  pressure  is  reduced  to  about  dOmm.  the  upper 
portion  of  the  apparatus  is  covered  with  a  layer  of  globules  of 
mercury,  a  corresponding  quantity  of  mercuric  chloride  being 
formed.  Again  pieces  of  caustic  potash  heated  to  the  same  tem- 
perature became  covered  with  orange  mercuric  oxide  when 
placed  in  the  calomel  vapor,  and  not  black  mercurous  oxide. 
Hence  the  authors  conclude  that  mercurous  chloride  is  Hg,Cl„  the 
mercury  in  it  not  being  univalent. — J5er.  Berl,  Chem,  Ges.j  xxvii, 
1482,  June,  1894.  6.  f.  b. 

6.  A  Text-book  of  Inorganic  Chemistry.  By  G.  S.  Nkwth, 
F.I.C.,  F.C.S.  12mo,  pp.  xiv,  667.  London  and  New  York,  1894. 
(Longmans,  Green  &  Co.) — The  author  has  sought  in  this  book 
to  obviate  many  of  the  difficulties  arising  from  the  attempt  to 
base  a  systematic  course  of  elementary  chemical  instruction  upon 
the  periodic  classification  of  the  elements,  by  dividing  it  into 
three  parts,  the  first  of  which  is  devoted  to  a  brief  sketch  of  the 
fundamental  principles  and  theories  of  the  science,  the  second  to 
a  study  of  the  four  typical  elements  hydrogen,  oxygen,  nitrogen 
and  carbon,  and  the  third  to  a  systematic  treatment  of  the  ele- 
ments according  to  the  periodic  law.  The  first  part  is  especially 
worthy  of  notice  since  the  more  recent  developments  of  the  sci- 
ence in  a  physico-chemical  direction  are  included  in  it,  and  are 
clearly  though  of  course  briefly,  stated.  Such  subjects  as  the 
kinetic  theory  of  gases,  dissociation,  electrolysis,  critical  tempera- 
ture and  pressure,  osmotic  pressure  and  thermo-chemistry,  for 
example,  are  here  included.  The  book  is  carefully  written  and 
appears  fully  up  to  date.  The  centigrade  scale  of  temperatures 
is  used  exclusively  and  the  metric  system  preferably ;  though  we 
notice  that  the  word  "  weight"  for  the  most  part  is  employed  in 
the  sense  of  **  mass."  g.  f.  ij. 

7.  An  JSlementary  Chemistry,  By  George  Rantout  White, 
A.M.  12nio,  pp.  XXX,  272.  Boston,  1894  (Ginn  <fc  Company). — 
This  book  is  a  laboratory  manual  and  is  intended  for  beginners  in 
chemistry.  The  first  and  second  parts  are  devoted  to  experiments, 
the  latter  being  the  more  advanced.  The  third  part  comprises 
the  history  and  development  of  the  laws  and  theories  of  chemistry. 

G.  F.  n. 

8.  The  mean  density  of  the  earth. — Prof.  Poynting's  essay 
on  the  mean  density  of  the  earth  has  now  been  published.  It 
contains  a  review  of  previous  methods  together  with  an  account 
of  the  method  of  weighing  by  the  ordinary  balance  which  Prof. 
Poynting  adopted.  Newton  in  his  Princij)ia  estimated  that  two 
spheres  of  the  density  of  the  earth,  each  a  toot  in  diameter,  would 
if  separated  by  a  quarter  of  an  inch  and  left  to  their  own  attrac- 
tions, take  nearly  a  month  to  come  into  contact.  Prof.  Poynting 
points  out  that  there  is  a  mistake  in  the  arithmetic,  and  that  the 
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sohei'es  would  ooine  into  contaci  between  five  and  fix  minatM, 
The  meat!  density  of  the  eartli  fimiid  by  Profeijisor  Poypiing  is 
5-49.  Profeasor  Boys  result  is  553. — Xature,  OcL  4,  IS94,  pp. 
842-543.  J.  T. 

9.  On   the    mean    density   of   the   earth,     (Cominiinicaiedl.— 
Tlie  last,  publioation  of  the  Philosopiiiciil  Society  of  Wa^hioglon, 
(Bulletin   xii,   369-370  S  plates   7-10)  gives  a  determioalioD  of    J 
the    Mean  Deiitiity  of  the    Earth    from    two   mountains    in    the    I 
Hawaiian  iHlaodx.     Two  distinct  methods  were*  used.     la  tbe  CMe    ' 
of  llaleakala,  astronomical   latitudes  wore  determined  near  the 
sea  level  on  the   north  and   south  side  of  the  tnoUDtaio.     TbeM 
stations  which   wore  distant  about  30  miles  were  couuecled  by 
trinngnlation  and  by  this  rneaus  the  dcflecliop  of  the  plumb  line 
towards  t>i»  moautaiti  was  ascertained.     Contour  lines  for  differ-    I 
encea  of  elevation  uf  500  feet  wera  established  from  the  neatotbe    j 
summit  which  is  rather  more  than  10,000  feel  bigli.     Using  iheae    | 
contours    and  a  value   of   the    mean    density  of    the     mountsia 
derived   both   from  determinations  of  the  foroe  of  ftravity  and  a 
study  ofthe  rock  specimens,  the  attraction  of  the  mountain  was 
calculated.     This   compared    with    the    total    attraction    of  the 
earth  gave  an  equation  from  whicb  the  earth's  mean  density  waa     . 
found.  J 

In  the  case  of  Slaiuia  Kca  with  an  elevation  of  nearly  14,000  I 
feet,  contour  lines  could  not  be  run,  and  the  sotiition  of  ih«  J 
mds  entirely  on  tbo  determination  of  the  differenoM'.J 
b  of  gravity,  combined  with  a  value  of  the  monnlaia<  1 
rom  abiint  40  sfH'cimens  of  rock  collected  on  both  siilcit 
of  the  island  between  the  lower  and  upper  gravity  ))tations. 

Combining  tlie  results  of  both  Mnuiia  Kea  and  Haleakala  a 
value  of  J  ;)j  was  deilnced  for  the  mi-an  density  of   the  Kanh. 

At  the  end  of  tlie  Hulletin  is  a  table  uontaining  a  list  of  al! 
previous  determinations  which  de]»end  on  pendulum  or  astronomi- 
cal ob.servaliims.     The  values  given  range  from  4-67  to  (i-77  and 

The  work  in  the  Hawaiian  Islands  was  done  by  Mr.  E.  D. 
PitKSTu.s  of  tiie  I'.  S,  Coast  and  Geodetic  Survey  for  the  time 
being  in  the  em|)Iiiy  of  ilie  Hawaiian  Government  Survey. 

10.  The  nource  ti/'/rictlon  electricUy. — C  Ciiristiaksex  reviews 
the  work  of  previous  observers,  and  makes  a  number  of  ejiperi- 
nicnts  to  ascertJiin  the  eaiise  of  fricliorial  electricity.  He  arrives 
at  the  coiiflusiim  that  it  is  to  he  sought  in  chemica'l  separation  or 
the  relative  liirning  of  ions  ;  and  th<'  action  is  analogous  to  that 
which  takes  place  in  eleinrolysis.  Every  atom  has  a  charge 
which  is  positive  or  Tie-jaiive  according  as  the  atom  acts  as  a 
hilloii  or  an  <i'ii-iii.  The  muhor  divides  bodies  into  four  classes. 
Class  I.  Insulators  or  dick-elrics.  IJodies  in  which  the  ions  are 
eitlier  fixed  orcan  oscillate  around  their  positions  of  equilibrium. 
Class  -1.  .Metals  in  which  the  ions  are  cither  free  or  at  ieasi 
exchange  ilieir  char^ies  very  e.isily.  Class  3.  Electrolytes  iii 
which  the  ions  eaii  move  witli  more  or  less  friction.     Glass  can  be 
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icladed  in  this  division.  Class  4.  Bodies  analogous  to  water 
rhich  include  no  ions  or  very  few  which  permit  movement, 
liese  can  be  called  hydrides. —Ann.  der  Phyaik  und  Chemie^ 
\o.  11,  1894,  pp.  401-431.  J.  T. 

11.  JSlectricoU  conductivity  of  absolutely  pure  water.  —  Kohl- 
AUSCH  and  Hktdeweilbr  describe  the  processes  by  which  they 
repared  and  tested  samples  of  pure  water.  They  endeavored  to 
nd  the  true  conductivity  of  water  by  extrapolation  from  previ- 
us  experiments.  The  value  thus  obtained  for  the  conductivity 
f  absolutely  pure  water  at  18°  C.  is  0*036  X  10"*  <>.  The  amount 
f  residual  impurity  was  estimated  at  a  few  thousandths  of  a 
lilligram  per  liter,  which  is  10,000  times  less  than  the  amount 
f  air  normally  absorbed  from  the  atmosphere. — Ann.  der  Physik 
nd  Chemiey  No.  10,  1894,  pp.  200-235.  j.  T. 

12.  tSelf  induction  and  capacity  of  coils. — C.  Fkommb  from 
lagnetic  experiments  shows  that  bifilar  wound  coils  possess  a 
OQiall  capacity,  so  long  as  their  resistance  does  not  exceed  1000 
hms.  At  2000  ohms  the  capacity  begins  to  reach  an  appreciable 
mount.  Chaperon's  coils,  however,  so  far  as  they  were  tested 
p  to  3000  ohms  were  found  free  from  capacity  and  self  induc- 
ion.  These  coils  are  unifilar.  The  direction  of  the  winding 
hanges  with  each  layer. — Ann.  der  Phyaik  und  Chemie,  No.  10, 
894,  pp.  236-266.  J.  T. 

13.  iSpirals  with  compensated  self  induction. — The  difft*rence  of 
otential  between  neighboring  turns  in  an  ordinary  coil  is  in  gen- 
ral  small,  so  that  the  capacity  is  small  and  is  only  noticeable 
nth  currents  of  high  frequency.  In  order  to  obviate  this  capac- 
,y,  Tesla  recommends  winding  a  wire  B  parallel  to  the  first 
rire  A  and  connecting  the  end  of  A  with  the  beginning  of  B. — 
jum.  Eiectr.y  li,  pp.  432-433,  1894.  j.  t. 


II.  .  Geology  and  Mineralogy. 

1.  A  pre- Olenellus  fatinn  :  **  On  the  Cambrian  Formation  of 
be  Eastern  Salt  Range."  By  Dr.  Fritz  Noetling,  F.G.S.  Records 
f  the  Geological  Survey  of  India ^  Vol.  xxvii,  part  3,  pp.  71-86,  # 
Lugust,  1894. — From  researches  made  in  the  palaeozoic  rocks  of 
tie  Salt  Range  of  India  by  the  Geological  Survey  of  that  country, 
)r.  R.  D.  Oldham  points  out*  what  are  the  accepted  divisions  of 
lie  Cambrian  rocks  of  that  region  and  gives  numerous  lists  of  the 
>8sil  remains  recognised  up  to  date.  In  these  lists  such  genera 
9  OlenelluSy  Ilyolithes^  Conocephalltes  and  Neobolns  are  re- 
arded.  There  was  however  considerable  confusion  and  mixture 
f  horizons  in  the  succession  as  known.  Dr.  Noetling  has  gone 
ftrefully  into  the  natural  succession  of  the  Cambrian  and  newer 
alieozoic  strata  of  the  Eastern  Salt  Range.  He  separates  the 
pper  and  middle  portion  of  the  Palieozoic  from  the  lower  and 
lambrian  portion. 

*  Manual  of  the  Geology  of  India,  Chapter  V,  p.  113  e/  seq.^  Calcutta,  1893. 


An  historical  sketch  of  the  work  dono  by  iMr,  Wynne,  byib* 
iatB  Dr.  Sloliczka,  by  Dr.  Waagen  of  Vienna,  by  Dr.  W«nly 
&lr.  Middlcmiss  and  Mr.  Uaita  ia  ihen  given.  Dr.  No«Lling^' 
▼idea  the  Cambrian  of  the  Baatcni  Salt  Ksnge  of  India  into /our' 
groups  which  are  in  turn  divisible  into  a  number  of  znnesor  lioii' 
EODB.     These  four  divlMonii  nf  the  Cambrian  are  aa  follows  : 

In  descending  order: 

4.  Bhaganwalla  groiiyi,  or  Suit  Haiige  ptieudomorpb  zone. 

3.  Jutaiia  gi'oiip,  or  Mngncsian  siinastoiie, 

2.  Khussak  gioup,  or  Ni-oboins  beds, 

1.  Khewra  group,  or  Purple  sandelone. 

No  foBBit  remains  have  yet  been  found  in  the  Khewra  gronp— 
but  the  KhuExak  group  has  yielded  an  interefting  fauna  divisiblt 
iDto/ive  distinct  zones  at  the  top  bf  whieh  is  the  "OleneUittoM? 
so  that  there  are  four  aones  of  fossiliferous  etraU  below  tlnj 
Olenellua  zone  which  may  be  termed  pre-Olonollus  zones. — Then 
are  the  five  zones  of  the  Khuaaak  gi'oup,  in  descending  order  :■ 
V.  Dlenellus  zone. 

IV.  Neobolus  zone. 

III.  Upper  Annelid  sandstotiu. 
II.  Zuue  of  Ilyolithm  Wt/nnti. 
I,  Lower  Annelid  zone. 

In  the  "Jutana  Group" — »l>ovc  the  Khussak  group  Dr.  Noe^ 
ling  asceriaiued  the  following  siicceuiion  of  strata  in  descending 
order : — 

X.  Upper  Hagnesian  sandatone. 
IX.       "        passat;e  beds, 

VIII,   Middle  Miign.'nian  f^andstoii.-. 
\'ll.   Lower  paHcage  bejM. 
VI.       "      Magntsian  sandstone. 

In  the  Lower  Magnesian  sandstone.  Dr.  Noetling  obtained  & 
species  of  iSlenot/ieca  which  he  correlates  wiih  Billing's  species: 
Menotheca  rugosa,  var.  impera  and  an  obscure  Liugulellii.  That 
author  has  not  attempted  to  make  a  critical  examination  of  ibe 
fossil  remains  collected  during  the  exploration  but  with  the  sanc- 
,  tion  of  the  Director  of  the  Gcol.  Surv.  ol  India  these  were  sent  to 
Dr.  Waagen  for  determination.  We  are  all  anxious  to  hear  the 
results  of  Dr.  Waagen's  observations  inasmuch:  as  a  considerable 
proportion  of  the  faunu  is  a  pre-Olenellus  fauna.  Dr.  Noetlinw  is 
ap]iarenlly  sll^i^tied  to  class  all  these  sedimentary  deposits  under 
tlic-  term  t'anihri:iu  without  ado|)ting  :uiy  new  terra  to  include  the 
pre-OlenelhiH  lossils.  ii.  m.  a. 

•2.  The  Minenil  LhI-iMi-i/,  ilx  Shtti.i/ica,  Tecknoloffi/  an,l  Tra/lt 
for  lSU.i;  Annual,  Vol.  H.  K.liled  by  l{.  P.  KothwelI.,  S°, 
xlii  +  s94  pp.  Scienulic  i'nblisliirig  llo..  New  York. — 'l"he  com- 
pilation ol  this  voluminous  year-hook  is  llie  result  ot  tlie  develop- 
ment of  llii'  annvial  stalisliual  numbers  of  the  En'/iiieeriixf  and 
Mh.iiuj  Journal. 

The  volume  nmier  consideration  contains  a  vast  amount  of 
Etniisties  coiieerning    the  production    and  value  ot    the   minersl 
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prodactB  of  the  world,  as  well  as  their  movement  in  trade.  It 
also  embodies  many  special  artii^les  on  the  history  and  advance- 
ment of  mineral  industries,  on  the  uses  and  occurrences  of  various 
products,  on  methods  of  mining  and  smelting,  and  so  on,  many 
of  which  are  by  specialists  of  the  highest  eminence  in  their 
several  branches. 

The  book  is  of  interest,  not  only  to  statisticians  and  those 
engaged  in  mining  and  the  related  industries,  but  also  to  those 
who  desire  to  keep  themselves  informed  on  mining  and  metal- 
lurgical topics  from  a  scientific  point  of  view.  h.  l.  w. 

3.  Catalogue  of  Minerals.  Gborgb  L.  English.  16th  edition, 
1894,  pp.  124. — This  catalogue  is  more  than  an  illustrated  price 
list  of  minerals.  The  classified  list,  with  its  alphabetical  index, 
constituting  78  pages,  presents  in  classified  order  the  names  of  all 
the  minerals  and  their  varieties  described  in  Dana's  new  '*  System 
of  Mineralogy,"  1892  edition,  with  the  chemical  formula,  hard- 
ness and  specific  gravity  of  each.  The  catalogue  will  be  useful 
to  all  mineral  collectors  who  wish  to  keep  up  with  the  progress  to 
the  science. 

III.    Botany. 

1.  Vegetable  Resources  of  India, — In  the  Kew  Bulletin  of  Mis- 
cellaneous Information  for  September,  1894,  is  an  abstract  of  Dr. 
George  Waits'  recent  memorandum  on  the  resources  of  British 
India.     The  following  notes  are  of  general  interest : 

That  part  of  British  India  treated  of  by  Dr.  Watt,  comprises 
about  700,000,000  acres,  on  which  lives  a  population  of  more  than 
220,000,000.  The  total  acreage  under  wheat  is  over  20,000,000 
acres.  "  In  1891-92,  under  exceptional  circumstances  of  demand 
n  Europe,  Indian  wheat  was  exported  to  the  value  of  nearly  144 
millions  of  rupees." 

Tea. — It  is  well  known  that  the  indigenous  tea  plant  has  proved 
in  India  better  than  the  acclimatized.  The  total  acreage  under 
tea  is  334,845  acres. 

The  first  commercial  sale  of  Indian  tea  was  in  Calcutta  more 
than  fifty  years  ago.  The  exports  in  1891-92  were  120,000,000 
lbs.  In  the  same  year  Ceylon  exported  about  70,000,000  lbs., 
and  thus  proves  a  formidable  competitor. 

Coffee. — It  is  believed  that  coifee  has  been  cultivated  in  India 
for  more  than  two  centuries.     The  acreage  is  125,000  acres: 

Sugar. --Dr.  Watts  gives  an  interesting  account  of  the  fluctua- 
tions in  the  India  sugar  trade.  There  has  been  a  steady  decline 
of  the  export  trade  in  refined  sugar  since  1845.  The  production 
of  beet  sugar  in  Europe  has  been:  to  close  the  markets  which 
formerly  received  the  refined  sugar  of  India,  and  in  the  second 
place  to  "  throw  on  the  world  large  quantities  as  abnormally 
cheap  cane  sugar,  which  sought  an  outlet  in  India."  The  raw 
Bugar  in  India,  after  making  a  correction  for  the  foreign  traffic, 
comes  to  2,600,000  tons,  or,  say,  28  lbs.  per  head  of  the  popula- 
tion. 


Cinchona. — On  the  3 let  of  March,  1693,  it  was  estimated  thst 
the  matured  plants  on  all  of  the  plaatatioDS  might  be  esiicnaurd 
at  ten  millions. 

Jndigo. — There  are  in  India  2,712  factories  and  C,032  vats,  aod 
the»e  f;ive  employment  to  ■160,675  persone  during  the  working 
aeason  irreeipeotive  of  the  sgricnltnral  labor  to  produce  the  plants. 
Lft«l  years'  export  of  Indigo  was  126,708  OWL 

Cotton. — It  appears  that  the  cultivation  of  cotton  has  not  heeo 
developed  on  striutly  scienLitio  nrinciples.  It  seems  to  Dr. 
Watts  that  selection  of  seed  ana  the  cultivation  of  npectaltj 
selected  plants  might  easily  ijniirovu  the  Indian  crop  of  any  dig' 
trict  by  SO  per  cent.  The  total  area  under  cultivation  is  0,000,000 
aci-es. 

0(Aer  Fibres. — Very  Utile  lias  been  done  in  utilising  the 
remarkable  fiber   plants  of    native    origin.     Tbt' most  v>^niising 

Sossibilities  appear  in  every  direction.  It  is  said  that  the  fibprof 
[arsilenia  tenaciasima  is  far  superior  to  lihea.  Its  tensile  strengtb 
is  much  greater  than  that  of  the  finest  hemp. 

t'utch. — The  process  of  boiling  down  the  heart  wood  of  Acacia 
catechu    into  a  tanning   extract,   dates    from    remote    antii|uity. 
The  modern  methods  of  manufacture,  though  improved  in  many  J 
particulars  are  siiil  far  from  economical.    The  export  averagea  I 
something  over  2,200,000  cwt.  annually.  I 

Dr.  Watts  presents  a  most  interesting  account  of  the  relaiiow  J 
of  Indian  agriculture  to  the  plants  of  other  oooniries,  poiatinffl 
out  that  not  far  IVom  60  per  cent  of  the  prevalent  cnltivated  ans'l 
Wild  vegetation  has  been  iti)|...rtfd  by  Iiidi^i  «-itliio  historic  times. 

It  is  encouraging  to  note  tbal  various  soeieues  are  couptraiiog 
with  governmental  departments  in  developing  possiliilities. 

The  August  Bulletm  of  Miscellaneous  Information  from  the 
Royal  Gardens  in  Kew,  contaimt  a  most  interesting  summary 
relating  to  bananas  and  plantains.  The  subject  is  dealt  with 
very  fully,  especially  with  regard  to  the  economic  uses.  A  few 
of  the  statistics  are  here  given  : 

During  the  year  1892,  13,000,000  of  bunches  of  ripe  bananas 
were  imported  into  the  United  States.  Each  bunch  usually  con- 
sists of  80  to  200  bananas  and  weighs  from  30  to  90  lbs. 

Plantain  meal,  a  food  of  great  antiquity,  has  lately  attracted 
considerable  attention.  It  appears  that  some  of  the  product  has 
been  made  from  unripe  bananas.  In  all  the  samples,  starch  is 
more  abundant  than  sugar.  g.  l.  a. 

2.  Gra/tlnff.—il.  Lucien  Daniel  (Revue  gencrale  de  Boia- 
nique,  16  Sept..  1  804)  has  published  the  results  of  interesting  exper- 
iments in  graftin"  herbaceous  plants,  especially  different  vege- 
tables,    His  conclusions  are  as  follows: 

First,  the  flavor  of  vegetables  can  be  made  to  vary  by  graft- 
ing them  on  vegetables  of  a  different  flavor. 

Second,  gralting  flower  pits  at  a  suitable  period  retards  the 
flowering  of  Crncilerae.  Tins  delay  enables  us  to  suppress  cross- 
breeding and  consequently  permits  us  to  preserve  varieties  pure. 
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Third,  seeds  from  a  graft  are  better  than  those  from  the  same 
plant  ungrafted.  Besides  the* immediate  advantage  which  results 
from  this,  it  may  be  possible  for  us  in  this  way  to  regenerate  and 
preserve  varieties. 

Fourth,  herbaceous  plants  which  are  blanched  cannot  be 
grafted. 

Fifth,  from  seeds  produced  from  grafts  new  varieties  can  be 
created.  g.  l.  g. 

3.  Inflorescence  in  Descriptive  Botany.  By  M.  F.  Hy.  (Revue 
g^n.  de  Botanique,  16  Oct.  1894). — The  author  has  introduced 
new  terms  descriptive  of  the  multifarious  forms  of  compound 
flower  clusters.  The  terminology  itself  does  not  appear  to  possess 
any  marked  advantage  over  that  which  has  been  employed  in 
more  recent  German  treatises,  but  in  the  projections  in  a  dia- 
gramatic  form  some  curious  relations  are  brought  out  which 
render  the  communication  of  considerable  value. 

The  relations  of  inflorescence  to  the  environment  and  to  sys- 
tematic affinities  are  not  sufficiently  dealt  with.  g.  l.  g. 

4.  Hesearches  on  ths  Structure  and  affinities  of  Terebinthaceae. 
By  M.  Jadin.  (Annales  des  sciences  naturelles,  xix,  I,  1894). — 
The  following  conclusions  are  reached :  The  stem  in  this  Order 
is  always  characterized  by  canals  of  secretion  developed  in  the 
liber.  These  canals  are  protected  by  enveloping  fibers.  This 
character  is  so  marked  that  it  should  be  taken  as  the  most  impor- 
tant character  of  the  family.  Second,  there  are  no  characters  drawn 
from  the  anatomy  of  the  stem  by  which  the  genera  can  be  identi- 
fied. Nevertheless  in  certain  cases,  such  characters  really  aid 
when  they  are  added  to  those  of  gross  anatomy. 

Third,  the  character  drawn  from  the  presence  or  absence  of 
canals  in  the  pith  cannot  always  be  taken  as  an  important  charac- 
ter.    It  however  serves  for  certain  cases. 

Fourth, It  does  not  appear  that  climate  has  any  important  influ- 
ence on  the  development  of  the  secreting  canals  in  the  pith.  The 
following  genera  are  excluded:  Gaiiophyllum^  Bl.  FiUciumj 
Thw.  Corynocarpus^  F.  Faiveusea  Welw.  Jnlianiay  Schlecht. 
All  of  these  are  excluded  on  account  of  anatomical  peculiarities. 

g.  l.  g. 


IV.    Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences, — The  following  is  a  list  of 
the  papers  presented  at  the  meeting  of  the  National  Academy 
held  in  New  Haven,  Oct.  30-Nov.  1; 

William  A.  Rooebs:  An  indirect  •jperiniental  determination  of  the  energy 
of  obscurt  beat;  Determination  of  the  errors  of  the  circles  of  an  electrotype 
copy  of  Tycho  Brahe*s  altitude  azimuth  instrument  now  in  possession  of  the 
Smithsonian  iDStitutiou. 

HuBBBT  A.  Newton:  The  Winnebago  County,  Iowa,  meteorites,  and  the 
meteor. 

GxOBOB  W.  Hill  :  Literal  expression  for  the  motion  of  the  moon's  perigee. 


'Soi^i^a  lutdliyenct.  - 


WiLUiK  FI.  Drkwks:   Atmoephertc  dust  and  aqiioouB  piecipiuiioa  in  i 
regions. 

Sern  C.  Chanhleb:   [■"urlhw  fMesrohw  6n  ths  jralnr  motion. 

Thoii»b  0.  MsNDKNiiALi,:  The  relBtioa  at  gra*ity  to  «.niinBnUd  ettntiod; 
Thp  lojrol  units  of  electnca!  moaaure. 

Ciiiitii.KS  S.  HAsnsQS:  On  deriTed  eqiianonB  in  optics :  On  ■  method  at  ^ni- 
Dating  •econdary  dispersion,  using  ordtDsry  silieale  glasees  oolj'. 

ThoMir  B.  Osborne:  The  chemical  nuturc  of  diaelaBS. 

CUABIiRS  B.  fiEEcflKR:  Bone  Uaturn  tn  tlie  derelopment  of  bnchiopods. 

Hkhut  S.  WiLUikHS:  On  the  presence  of  DKTonian  fossils  in  strata  at  Cir. 
boniferous  age, 

John  8.  BiLI>I\Os:  Ou  the  influfuw  of  IsBolilion  upon  Ouliiira  Media,  ind  ri 
dcaiocntloo  upon  ttio  vitality  u[  the  ttadllui  of  tjpliDtd,  of  the  Ch->1od  bacilhsi  ud 
ot  the  Staph; iocDoni*  aiiroua. 

WtLUAU  r.  Klkim  :   Etepnrt  on  photograpbiitf  inMaora. 

CilARLM  A.  WniTB;  BlogmphKul  mviiioir  of  P.  V.  da^ilen. 

A.  v..  VlKKILU:  Qoogrupijicat  and  tmihymelricnl  dnlribution  of  the  dscp« 
eclUnodcnua,  dUcorvred  oil  itic  Amcrlcnn  ooa«t,  north  oF  Cnpo  Haili-rHS. 

K.  A.  Ulciitt.Mi.v :  Un  tbp  effect  of  ptessiire  in  brondenlnfc  AJwctrHl  lioca. 

J>ME8  IIai.i.:  ileiiiHrka  upon  the  piogrwis  of  work  upon  ■  hnndbook  of  Ibi 
bradiiopoda :  !<al»  upon  the  occiiirence  and  distribution  of  the  dicirD«p«a(id» 
Id  ihe  DeTonian  ond  Coriioniteroua  tonDitions. 

8.  P.  J.AKOMT:  Infra  rrd  Hpectrum. 

J.  W,  UiBM:  Ud  a  oprtdin  theorem  in  IhcorvticaJ  dynsoiics. 

Boetou  Soclet;  of  Natural  Iii««i7.  FroMedtngs,  tdI.  mvi.  Boston,  1194,— 
serftral  Inlwostlng  gvologlcal  papora  have  «ppa*nd  in  the  mtwrnly  i^uod  ptRt 
ot  thla  Toliiiiw. 

Fart«  It-Ill  TOutaiu: 

Ficwttfd  pebbiM  on  Gim  Cod,  Han,  by  W.  M.  Davia,  pp-  166-116,  aift 
pktaa  I-4L 

6n»  WkMi  SAm  of  Sotfkara  Vtv  Bngbnd,  V  J-  B.  Woodwotft,  jp' 
im-2!ti. 

«i\    thP  liiHlriliUtiod  of   Knrlhqimkes  in  Iho  fuiwd  Statu.s  ^ince  the  dos*  rf 
tite  liliicial  Period,  liy  N.  t>.  Shnlcr.  pp.  a4li-'Joii. 

Tlie  get^raphioul  development  oE  alluvial  river  terraces,  b;  R.  K.  Dodge,  ff- 
267-213. 

The  preglflfial  channel  of  the  Gcuessee  River,  by  A.  W.  Qn^ham,  pp.  359- 
369. 
flocnsinnal  papers,  lY. 

Ueology  of  the  Boston  B;iain,  by  Wm.  0,  Crosby,  vol.  i.   Part  II,  Hingham- 
pp.  n9-2R8,  with  plates  8,  ^  and  s'.     laaj. 

GeolokloniachB  Problerao;  von  A.  Rolbpleti:,  p  115,  fig.  lOT,  plaws  lOiE. 
Eoch).  StiitlKarl,  ISQl. 

Die  MascaiinElk-n  Hdfsmittet  dn  Chemiachen  Technil:;  von  A.  Pamick«.p.  323, 
Bg.  32T  |H.  Bechhold).  Frankfurt,  1891. 

Dniversitv  of  CuliforuiB.  Bulletin  of  DepL  of  Geology.   Vol.1.   Berkeley.  13S1- 

So.  5.  'The  Lherzoiite-Serpoplin©  and  Aaaot-iated  rtock:*  of  the  I'otrero,  San 
Frandsco;   by  Cliiiries  Pflfa.-de.  pp.  161-170. 

Xo.  i>.  "n  n  rock  from  the  vicinity  of  lierkclcy,  cniilaioing  a  new  sods  Xra- 
pliibolo:  bv  Charles  PnlHche,  pp.  M'i-191,  iiml  two  plates. 

So.  i  The  CieoliiKV  of  Angel  I.-land  :  I.t  V.  Leslie  Itaoiioine  |with  a  noiP  M 
the   Hailiolr^riiin  chert   from   Angel   Island,  etc..  by  11.  .1.  Hinde),  pp.  l3J-34n 


WiLLUM  Ti)rL.Kv,  an  aulivf  (iroriioter  of  geology  in  Great 
Britain  ami  for  cevi'r.tl  yeurs  in  cliargo  of  the  Jerrayn  street  office 
of  tin;  Gfoloi-ical  Survey  in  London,  died  al  the  age  of  53,  on  the 
aoih  day  of  SeiitembtT. 
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FooTPBiNTS  FROM  KANSAS  CoAL  MEASURES.      Natural  size. 
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PUDES  OF   PRKDENTATE   DlNOSAURIA. 
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PinES  OF    PrEDENTATE    niXOSAURIA. 
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